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Disclosed herein is a display device including a plurality of
kinds of pixels that emit color light beams different from each
other, the pixels being provided on a substrate, wherein each
ofthe pixels includes an organic stacked film including one or
more organic light emitting layers and another kind of organic
layer, with the layer structure of another kind of organic layer
differing on the basis of each of the kinds of the pixels, and a
first electrode and a second electrode which are disposed so
that the organic stacked film is interposed therebetween.
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DISPLAY DEVICE, METHOD OF
MANUFACTURING DISPLAY DEVICE, AND
ELECTRONIC APPARATUS

BACKGROUND

[0001] The present technology relates to a display device
using organic EL elements for color display.

[0002] Inan organic EL display device in which electrolu-
minescence (hereinafter abridged to “EL”) of organic mate-
rials 1s utilized, organic EL elements having an organic layer
including a hole transport layer and a light emitting layer
between a pair of electrodes are used as display pixels. The
organic EL elements are paid attention to as light emitting
elements capable of light emission (luminescence) with high
luminance under low-voltage DC (direct current) driving.
[0003] Since such organic EL. elements have a response
time of not longer than 1 microsecond, duty driving based on
a simple matrix system can be realized in the organic EL
display devices. Itis to be noted here, however, that in the case
where duty is increased attendant on an increase in the num-
ber of pixels, it may be necessary, for securing a sufficient
luminance, to instantaneously supply the organic EL ele-
ments with a large current. In the simple matrix system,
therefore, the elements are liable to be damaged.

[0004] On the other hand, in an active matrix driving sys-
tem, thin film transistors (TFTs) and a storage capacitor are
formed on the basis of each sub-pixel, whereby a signal
voltage can be held. Therefore, organic EL elements can be
constantly supplied with a drive current according to the
signal voltage, during a desired period in one frame. Accord-
ingly, in the active matrix driving system, the need to instan-
taneously supply the organic EL elements with a large current
as in the simple matrix system is eliminated, so that damage
to the elements can be lessened. Incidentally, each pixel is
composed, for example, of three kinds of sub-pixels, namely,
red (R), green (G) and blue (B) sub-pixels, whereby full-color
image display can be realized.

[0005] Meanwhile, in order to manufacture such a full-
color organic EL display device, color light emitting layers
for different luminescent colors have to be patterned on the
basis of each sub-pixel, and a variety of techniques have been
attempted to meet this requirement (refer to, for example,
Japanese Patent No. 3369615, hereinafter referred to as
Patent Document 1). In Patent Document 1, projections are
disposed in a pattern on a substrate, and vacuum evaporation
from an oblique direction (hereinafter referred to as “oblique
deposition”) is conducted, thereby forming the color light
emitting layers in the manner of patterning. Specifically, the
projections are disposed in selective regions between pixels,
and the oblique deposition is carried out by appropriately
changing the angle (angular direction) on the basis of each of
organic materials to be deposited for forming films, whereby
the projections are utilized as masks for forming the films in
respective patterns. In this case, first, a red light emitting layer
is selectively formed in the regions of red sub-pixels and a
green light emitting layer is selectively formed in the regions
of green sub-pixels, by oblique deposition, and thereafter a
blue light emitting layer is formed over the whole area of all
the sub-pixels. Other methods may also be adopted, for
example, a method in which metal-made vapor deposition
masks are momentarily aligned so as to form light emitting
layers in respective patterns, or methods based on printing or
ink jet system. Further, there are yet other methods, for
example, a technique in which white light emitting organic
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EL elements and color filters are combined. Thus, a variety of
techniques have been used for realizing full-color image dis-
play.

SUMMARY

[0006] In the technique described in Patent Document 1,
however, it is difficult, in vapor deposition of a red light
emitting material by using projections as a mask, to perfectly
prevent the red light emitting material from being deposited
in the regions of other sub-pixels, for example, blue sub-
pixels. In other words, due to variations in moving direction
of molecules in vacuum or reflection on wall surfaces of a
vapor deposition apparatus or thelike, in practice, some of the
molecules of the red light emitting material are deposited in
the regions of the blue sub-pixels. Here, the energy for red
light emission is lower than the energy for blue light emission.
If the red light emitting molecules are deposited in the regions
of blue sub-pixels, rapid transfer of excitation energy of blue
light emitting molecules to the red light emitting molecules
would occurs, with the result of emission of red light from the
blue sub-pixels. This would occur even if the amount of the
red light emitting molecules deposited in the regions of the
blue sub-pixels is very small. Such mixture of colors in light
emission leads to lowered color purity and lowered display
quality. In addition, in recent years, display devices have
come to beapplied to uses ina wider range, and there has been
an increasing demand for miniaturization of pixels. Accord-
ingly, it has come to be desired to restrain the above-men-
tioned mixture of colors in light emission and to thereby
prevent color purity from being lowered.

[0007] Thus, there is a need for a display device capable of
securing good color purity in performing color display. Also,
there is a need for a method of manufacturing such a display
device and for an electronic apparatus having such a display
device.

[0008] According to one embodiment of the present tech-
nology, there is provided a display device including a plural-
ity of kinds of pixels that emit color light beams different from
each other, the pixels being provided on a substrate, wherein
each of the pixels includes an organic stacked film including
one or more organic light emitting layers and another kind of
organic layer, with the layer structure of another kind of
organic layer differing on the basis of each of the kinds of the
pixels, and a first electrode and a second electrode which are
disposed so that the organic stacked film is interposed ther-
ebetween.

[0009] According to another embodiment of the present
technology, there is provided a method of manufacturing a
display device, including, in forming on a substrate a plurality
of kinds of pixels that emit color light beams different from
each other: forming a first electrode on the substrate; forming
an organic stacked film including one or more organic light
emitting layers and another kind of organic layer(s), with the
layer structure of another kind of organic layer(s) differing on
the basis of each of kinds of the pixels; and forming a second
electrode after the formation of the organic stacked layer, in
each pixel region.

[0010] In the method of manufacturing the display device
according to the another embodiment of the present technol-
ogy, the organic stacked film is provided between the first
electrode and the second electrode, the organic stacked film
includes one or more organic light emitting layers and another
kind of organic layer(s), and the layer structure of another
kind of organic layer(s) (specifically, the number, kinds and



US 2012/0112172 Al

thicknesses, etc. of another kind of organic layer(s)) differs on
the basis of each of the kinds of the pixels. For instance, a
carrier block layer(s) formed from an organic material(s) is
disposed in a selective one(s) of the kinds of the pixels. This
ensures that, even when an organic light emitting material for
acertain luminescent color is deposited in theregions of other
pixels than the desired pixels in film forming process, mixture
of colors in light emission due to the undesired deposition can
be restrained. In other words, by use of such a carrier block
layer, the order and locations of the films formed from organic
light emitting materials for respective luminescent colors can
be set appropriately, and it becomes easier to extract desired
color lights from the respective pixels.

[0011] In the display device according to the one embodi-
ment of the present technology, the organic stacked film pro-
vided between the first electrode and the second electrode
includes one or more organic light emitting layers and another
kind of organic layer(s), and the layer structure of another
kind of organic layer(s) (specifically, the number, kinds and
thicknesses, etc. of another kind of organic layer(s)) differs on
a pixel kind basis. For instance, the carrier block layer(s)
formed from an organic material(s) is disposed in a selected
one(s) of the kinds of the pixels. This ensures that, even when
an organic light emitting material other than an appropriate
one is undesirably deposited in the region of a certain pixel,
mixture of colors in light emission from the pixel due to the
undesirable deposition can be restrained.

[0012] According to a further embodiment of the present
technology, there is provided an electronic apparatus which
includes the above-mentioned display device according to the
one embodiment of the present technology.

[0013] According to the display device and the method of
manufacturing the display device pertaining to the present
technology, the organic stacked film provided between the
first electrode and the second electrode includes one or more
organic light emitting layers and another kind of organic
layer(s), and the layer structure of another kind of organic
layer(s) differs on a pixel kind basis. For example, a carrier
block layer(s) formed from an organic material(s) is disposed
in a selective one(s) of the kinds of the pixels. This makes it
possible to restrain mixture of colors in light emission from
each pixel from occurring. Consequently, good color purity
can be secured in color display using a plurality of colors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 illustrates sectional structure of a display
device according to a first embodiment of the present tech-
nology;

[0015] FIGS. 2A to 2C are sectional views showing sche-

matically the configurations of organic stacked films in three
kinds of (R, G, and B) organic EL elements in the display
device shown in FIG. 1;

[0016] FIGS. 3A and 3B illustrate, in the order of steps, a
method of manufacturing the display device shown in FIG. 1;
[0017] FIGS. 4A and 4B illustrate steps subsequent to the
step of FIG. 3B;

[0018] FIGS. 5A and 5B illustrate steps subsequent to the
step of 4B,
[0019] FIGS. 6A and 6B illustrate steps subsequent to the
step of 5B;
[0020] FIG.7illustrates a step subsequent to the step of 6B;
[0021] FIG. 8 is a sectional view for illustrating the con-

figuration of and a manufacturing method for a display device
according to Comparative Example;
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[0022] FIG. 9 is a characteristic chart showing lumines-
cence intensity for each of color lights in the display device
according to Comparative Example;

[0023] FIG. 10 is a characteristic chart showing lumines-
cence intensity for each of color lights in the display device
shown in FIG. 1;

[0024] FIG. 11 illustrates a sectional structure of a display
device according to Modification 1;

[0025] FIGS. 12A to 12C are sectional views for showing
schematically the configurations of organic stacked films in
three kinds of (R, G and B) organic EL elements in the display
device shown in FIG. 11;

[0026] FIGS. 13A and 13B illustrate a method of manufac-
turing the display device shown in FIG. 11;

[0027] FIGS. 14A and 14B illustrate steps subsequent to
the step of FIG. 13B;

[0028] FIG. 15 illustrates a step subsequent to the step of
FIG. 14B;
[0029] FIG. 16 is a characteristic chart showing lumines-

cence intensity for each of color lights in the display device
shown in FIG. 11;

[0030] FIG. 17 illustrates a sectional structure of a display
device according to a second embodiment of the present
technology;

[0031] FIGS. 18A to 18C are sectional views showing
schematically the configurations of organic stacked films in
three kinds of (R, G and B) organic EL elements in the display
device shown in FIG. 17,

[0032] FIGS. 19A and 19B illustrate, in the order of steps,
a method of manufacturing the display device shown in FIG.
17,

[0033] FIGS. 20A and 20B illustrate steps subsequent to
the step of FIG. 19B;

[0034] FIGS. 21A and 21B illustrate steps subsequent to
the step of 20B;

[0035] FIGS. 22A and 22B illustrate steps subsequent to
the step of 21B;

[0036] FIG. 23 illustrates a step subsequent to the step of
22B;

[0037] FIG. 24 is a characteristic chart showing lumines-

cence intensity for each of color lights in the display device
shown in FIG, 17,

[0038] FIG. 25 illustrates a sectional structure of a display
device according to Modification 2;

[0039] FIGS. 26A to 26C are sectional views showing
schematically the configurations of organic stacked films in
three kinds of (R, G and B) organic EL elements in the display
device shown in FIG. 25;

[0040] FIG. 27 is a characteristic chart showing lumines-
cence intensity for each of color lights in the display device
shown in FIG. 25;

[0041] FIG. 28 illustrates a sectional structure of a display
device according to a third embodiment of the present tech-
nology;

[0042] FIGS. 29A to 29C are sectional views showing
schematically the configurations of organic stacked films in
three kinds of (R, G and B) organic EL elements in the display
device shown in FIG. 28;

[0043] FIGS. 30A and 30B illustrate, in the order of steps,
a method of manufacturing the display device shown in FIG.
28;

[0044] FIGS. 31A and 31B illustrate steps subsequent to
the step of FIG. 30B;
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[0045] FIGS. 32A and 32B illustrate steps subsequent to
the step of 31B:
[0046] FIG. 33 illustrates the configuration of a display

device (substrate structure before oblique deposition) accord-
ing to a fourth embodiment of the present technology:;
[0047] FIGS.34A and 34B are sectional views for illustrat-
ing a substrate structure in Comparative Example;

[0048] FIGS. 35A and 35B are views for illustrating the
effect of the substrate structure shown in FIG. 33;

[0049] FIG. 36 is a sectional view illustrating a substrate
structure according to Modification 3;

[0050] FIGS. 37A and 37B illustrate the effect of the sub-
strate structure shown in FIG. 36;

[0051] FIG. 38 is a sectional view illustrating a substrate
structure according to a Modification 4;

[0052] FIG. 39 is a sectional view illustrating a substrate
structure of other modification;

[0053] FIG. 40 is a block diagram, including peripheral
circuits, of a display device according to any of the embodi-
ments of the present technology;

[0054] FIG. 41 is a diagram illustrating the circuit configu-
ration of the pixels shown in FIG. 40;

[0055] FIG. 42 is a plan view showing schematically the
configuration of a module including the display device shown
in FIG. 40;

[0056] FIG. 43 is a perspective view of Application
Example 1;
[0057] FIG. 44A is a perspective view, from the front side,

of Application Example 2, and FIG. 44B is a perspective view,
from the back side, of the same;

[0058] FIG. 45 is a perspective view of Application
Example 3;
[0059] FIG. 46 is a perspective view of Application

Example 4; and

[0060] FIG. 47A is a front view, in an opened state, of
Application Example 5, FIG. 47B is a side view of the same,
FIG. 47C is a front view, in a closed state, of the same, FIG.
47D is a left side view of the same, FIG. 47E is a right side
view of the same, FIG. 47F is atop view of the same, and FIG.
47G is bottom view of the same.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0061] Now, embodiments of the present technology will
be described in detail below, referring to the drawings. The
description will be made in the following order.

(1) First Embodiment (Example in which green electron
block layer and blue electron block layer are used)

[0062] (2) Modification 1 (Example in which green light
emitting layer in (1) is common to R, G and B)

(3) Second Embodiment (Example in which green film thick-
ness adjusting layer and blue film thickness adjusting layer
are used)

[0063] (4) Modification 2 (Example in which green light
emitting layer in (3) is common to R, G and B)

(5) Third Embodiment (Example in which red light emitting
layer and green light emitting layer are thinned)

(6) Fourth Embodiment (Example in which structure for
restraining “vignetting” in oblique deposition is added)
[0064] (7) Modification 3 (Example in which anti-leak
insulating film is provided in (6))

[0065] (8) Modification 4 (Another example of structure
for restraining “vignetting” in (6))
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[0066] (9) Application Example (Example of electronic
apparatus)

First Embodiment

[General Configuration of Display Device 1]

[0067] FIG. 1 shows a sectional structure of a display
device 1 according to a first embodiment of the present tech-
nology. The display device 1 is, for example, an organic EL
display device of the active matrix system and of the top
emission type in which light is extracted on the side of upper
electrodes 16 as will be described later. The display device 1
has three kinds of pixels 10R, 10G and 10B arranged in matrix
form on a driving substrate 10. These pixels 10R, 10G and
10B correspond to R, G and B sub-pixels, each of which has
an organic EL element. Specifically, the pixel 10R has a red
organic EL element that emits red light, the pixel 10G has a
green organic EL element that emits green light, and the pixel
10B has a blue organic EL element that emits blue light.
[0068] These pixels 10R, 10G and 10B each have, for
example, a lower electrode 11, an organic stacked film (12R,
12G or 12B) and an upper electrode 16 in this order from the
side of the driving substrate 10.

[0069] The driving substrate 10 is a substrate including
drive circuits for the pixels 10R, 10G and 10B, and has TFTs
arranged on a pixel basis. A surface (the face side) of the
driving substrate 10 is covered with a flattening film, and each
of TFTs is electrically connected with the lower electrode 11
through each of apertures formed in the flattening film.
[0070] Thelower electrode 11 functions, for example, as an
anode for injecting holes (positive holes) into each organic
light emitting layer. In the display device of the top emission
type as in the present embodiment, the lower electrode 11
functions also as a reflective electrode; therefore, the reflec-
tance of the lower electrode is desirably as high as possible,
from the viewpoint of enhancing luminous efficiency.
Bxamples of the material for constituting the lower electrode
11 include metals such as silver (Ag), aluminum (Al), molyb-
denum (Mo), and chromium (Cr) and alloys thereof. The
lower electrode 11 may have a monolayer structure using
such a metallic material or have a stacked structure of a
plurality of layers of such metallic materials. Further, the
lower electrode 11 may have a structure in which a transpar-
ent conductive film of indium-tin oxide (ITO) or indium-zinc
oxide (IZO) is provided on the surface of a lower electrode
formed from such a material as above-mentioned. It is to be
noted here, however, that where an Al alloy is used to form the
lower electrode 11, a high reflectance can be secured but an
oxide film is so liable to be formed on its surface and its work
function is not so high that a hole injection barrier wall is
liable to be generated. In this case, therefore, it is desirable to
separately provide a hole injection layer formed from an
appropriate material.

[0071] The lower electrodes 11 are provided on the driving
substrate 10 on a pixel basis. Desirably, as in the present
embodiment, the lower electrodes 11 are provided so that no
step is formed between their surfaces and the surface of the
driving substrate 10 (the surface of the flattening film or the
like) (in other words, so that the surfaces of the lower elec-
trodes 11 are flush with the surface of the driving substrate
10). This ensures that, at the time of forming a film of an
organic material by oblique deposition, generation of
“vignetting” (or “shading”; generation of an unintended
shadow region with respect to the stream of molecules of the
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material to be deposited) can be restrained and the organic
material can be vapor-deposited substantially evenly in
desired regions. Consequently, it becomes easier to restrain
generation of current concentration and to obtain desired
colors in luminescence.

[0072] Incidentally, in the present embodiment, for simpli-
fication, the above-mentioned TFTs and flattening film are
omitted in the drawings. In addition, on the upper side of the
lower electrodes 11, an inter-pixel dielectric film having aper-
tures facing the lower electrodes 11 may be formed over the
whole area of the pixels 10R, 10G and 10B (this will be
detailed later). In this case, the organic stacked films 12R,
12G and 12B are formed respectively at the aperture sections
of the inter-pixel dielectric film.

[0073] Each of the organic stacked films 12R, 12G and 12B
has a stacked structure including one or more organic light
emitting layers selected from among a red light emitting layer
14R, a green light emitting layer 14G and a blue light emitting
layer 14B, and another kind of organic layer(s) (for example,
ahole transport layer or an electron block layer which will be
described later). While the details will be described later, the
organic stacked films 12R, 12G and 12B are different from
each other (on a pixel kind basis) in layer structure of another
kind of organic layer(s).

[0074] The upper electrode 16 is an electrode which is
provided in common to the pixels 10R, 10G and 10B and
which functions, for example, as a cathode for injecting elec-
trons into each organic light emitting layer. In the display
device of the top emission type as in the present embodiment,
the upper electrode 16 is formed from a transparent conduc-
tive material. Examples of the upper electrode 16 include a
transparent conductive film of ITO, IZO or the like, and a
co-evaporated magnesium-silver (Mg—Ag) film, which may
be in the form of a monolayer film or a stacked film. Inciden-
tally, by using a co-evaporated Mg—Ag film as the upper
electrode 16 and appropriately setting the total film thickness
(total optical path length) of each of the organic stacked films
12R, 12G and 12B and the distances between each organic
light emitting layer and the electrodes, it is possible to form an
optical resonator structure in each pixel and to enhance lumi-
nous efficiency and color purity (details will be described in
Second Embodiment later).

[0075] Ribs 110 are disposed in selective regions between
these pixels 10R, 10G and 10B. Here, the rib 110 is provided
in each region between the pixels 10R and 10G and in each
region between the pixels 10B and 10R. As detailed later, the
ribs 110 function as a shadow mask to be utilized in patterning
of each of the color light emitting layers and the electron
block layers and the like. The ribs 110 are formed, for
example, from a photosensitive resin material such as photo-
resist, and are formed in an appropriate shape (width, height)
selected taking into account various conditions such as pixel-
to-pixel pitch, vapor deposition angle, etc.

[0076] On the upper electrode 16 side of the pixels 10R,
10G and 10B as above-mentioned, a protective layer 17 is
provided so as to cover all the pixels. Further, onto the upper
side of the protective film 17 is laminated a sealing substrate
19 through an adhesive layer 18. The protective film 17 is
composed, for example, of a silicon nitride film or a silicon
oxide film or the like, and the adhesive layer 18 is formed, for
example, of a UV-curing resin. The sealing substrate 19 may
be provided with color filters or a black matrix (neither of
them is shown) or the like.

(Configurations of Organic Stacked Films 12R, 12G and
12B)

[0077] FIGS. 2A to 2C illustrate sectional structures of the
organic stacked films 12G, 12B and 12R. As illustrated, each
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of the organic stacked films 12R, 12G and 12B has a hole
transport layer 13 and a red light emitting layer 14R, in this
order from the side of the lower electrode 11, as a layer
common to all the pixels. It is to be noted here that as shown
in FIG. 2A, the organic stacked film 12G has a green electron
block layer 15G, a green light emitting layer 14G and a blue
light emitting layer 14B stacked in this order over the red light
emitting layer 14R. As shown in FIG. 2B, the organic stacked
film 12B has a blue electron block layer 15B and a blue light
emitting layer 14B stacked in this order over the red light
emitting layer 14R. As shown in FIG. 2C, the organic stacked
film 12R has a blue light emitting layer 14B stacked on the red
light emitting layer 14R.

[0078] Thus, light emitting layers for different luminescent
colors are stacked respectively in the organic stacked films
12G, 12B and 12R, in such a manner that recombination sites
Dg in the organic stacked film 12G are formed in the green
light emitting layer 14G, recombination sites Db in the
organic stacked film 12B are formed in the blue light emitting
layer 14B, and recombination sites Dr in the organic stacked
film 12R are formed in the red light emitting layer 14R,
respectively. The reason for this configuration will be
described later.

[0079] The organic stacked film 12G in the pixels 10G has
the red light emitting layer 14R, the green light emitting layer
14G and the blue light emitting layer 14B as light emitting
layers, and has the hole transport layer 13 and the green
electron block layer 15G as another kind of organic layers.
The organic stacked film 12B in the pixels 10B has the red
light emitting layer 14R and the blue light emitting layer 14B
as light emitting layers, and has the hole transport layer 13
and the blue electron block layer 15B as another kind of
organic layers. The organic stacked film 12R in the pixels 10R
has the red light emitting layer 14R and the blue light emitting
layer 14B as light emitting layers, and has the hole transport
layer 13 as another kind of organic layer.

[0080] Thus, the layer structure of the organic stacked films
12G, 12B and 12R, more in detail, the layer structure of
another kind of organic layer(s), differs on a pixel kind basis.
Specifically, the number, kinds and thicknesses, etc. of
another kind of organic layer(s) differ on the basis of each of
the kinds of the pixels 10R, 10G and 10B.

[0081] Viewing the display device 1 as a whole, over the
driving substrate 10, the hole transport layer 13 and the red
light emitting layer 14R are provided in this order over the
whole area ofthe pixels 10R, 10G and 10B. Over the red light
emitting layer 14R, the green electron block layer 15G and
the green light emitting layer 14G are provided in this order in
the regions of the pixels 10G, whereas the blue electron block
layer 15B and the blue light emitting layer 14B are provided
in this order in the regions of the pixels 10B. Further, in the
manner of covering these, the blue light emitting layer 14B is
provided on the whole area of the pixels 10R, 10G and 10B.

[0082] The hole transport layer 13 is a layer for enhancing
hole injection efficiency. The hole transport layer 13 is com-
posed, for example, of a hexaazatriphenylene derivative
(Chemical 1) and 4,4'-bis(N-1-naphthyl-N-phenylamino)bi-
phenyl (a-NPD).
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[Chemical 1]

NC CN

[0083] The red light emitting layer 14R, the green light
emitting layer 14G and the blue light emitting layer 14B are
layers in which, when an electric field is impressed thereon,
part ofholes injected from the lower electrode 11 side and part
of electrons injected from the upper electrode 16 side are put
into recombination, resulting in generation of red light, green
light and blue light, respectively. These color light emitting
layers contain such an organic material as styrylamine deriva-
tives, aromatic amine derivatives, perylene derivatives, cou-
marin derivatives, pyran dyes, and triphenylamine deriva-
tives.

[0084] The red color emitting layers 14R contains, for
example, at least one selected from among a red light emitting
material, a hole transport material and an electron transport
material. The red light emitting material may be either a
fluorescent one or a phosphorescent one. The red light emit-
ting layer 14R is formed, for example, from a mixture of
4 4-bis(2,2-diphenylvinyl)biphenyl (DPVBI) with 2,6-bis
[(4'-methoxydiphenylamino)styryl]-1,5-dicyanonaphtha-
lene (BSN).

[0085] The green light emitting layer 14G contains, for
example, at least one selected from among a green light
emitting material, a hole transporting material and an electron
transporting material. The green light emitting material may
be either a fluorescent one or a phosphorescent one. The green
light emitting layer 14G is formed, for example, from a mix-
ture of ADN or DPVBIi with coumarin 6.

[0086] The blue light emitting layer 14B contains, for
example, at least one selected from among a blue light emit-
ting material, a hole transporting material and an electron
transporting material. The blue light emitting material may be
either a fluorescent one or a phosphorescent one. The blue
light emitting layer 14B is formed, for example, from a mix-
ture of DPVBi with 4,4'-bis[2-{4-(N,N-diphenylamino)
phenyl}vinyl]biphenyl (DPAVB).

[0087] The green electron block layer 15G and the blue
electron block layer 15B have a function of blocking move-
ment of electrons in a predetermined direction, between dif-
ferent-color light emitting layers stacked on the upper and
lower sides, for example. The green electron block layer 15G
and the blue electron block layer 15B are formed, for
example, from the same hole transport material as that for the
hole transport layer 13.

[0088] For example, in the present embodiment, the green
electron block layer 15G, by being disposed between the
green light emitting layer 14G and the red light emitting layer
14R, prevents the electrons injected from the upper electrode
16 side from being delivered to the red light emitting layer
14R disposed on the lower side relative to the green light

May 10, 2012

emitting layer 14G. In other words, in the pixel 10G, the green
electron block layer 15G changes the position of recombina-
tion of electron-hole pairs so that the recombination will
occur not in the red light emitting layer 14R but in the green
light emitting layer 14G. Incidentally, while the blue light
emitting layer 14B is further provided over the green light
emitting layer 14G, green light emission is dominant over
blue light emission on an energy basis.

[0089] Similarly, the blue electron block layer 15B, by
being disposed between the blue light emitting layer 14B and
the red light emitting layer 14R, prevents the electrons
injected from the upper electrode 16 side from being deliv-
ered to the red light emitting layer 14R disposed on the lower
side relative to the blue light emitting layer 14B. In other
words, in the pixel 10B, the blue electron block layer 15B
changes the position of recombination of electron-hole pairs
so that the recombination will occur not in the red light
emitting layer 14R but in the blue light emitting layer 14B.

[0090] Incidentally, for example, a hole injection layer and
an electron transport layer (neither is shown) or the like may,
if necessary, be stacked in the organic stacked layers 12G,
12B and 12R, in addition to the above-mentioned hole trans-
port layer 13 and color light emitting layers. Examples of
material which can be used to form the hole injection layer
include 4,4',4"-tris(3-methylphenylphenylamino )tripheny-
lamine (m-MTDATA) and 4,4'4"-tris(2-naphthylpheny-
lamino)triphenylamine (2-TNATA). The electron transport
layer is a layer for enhancing efficiency of electron injection
into each color light emitting layer, and is formed, for
example, from 8-hydroxyquineline-aluminum (Alq,) or
BCP. Besides, an electron injection layer may further be
provided over the organic stacked films 12G, 12B and 12R.
Examples of material constituting the electron injection layer
include alkali metal oxides, alkali metal fluorides, alkaline
earth metal oxides, and alkaline earth fluorides, such as Li,0,
Cs,0, LiF, and CaF,.

[Manufacturing Method for Display Device 1]

[0091] The display device 1 as above can be manufactured,
for example, in the following manner. FIGS. 3A to 8 are
sectional views illustrating, in the order of steps, a method of
manufacturing the display device 1. Incidentally, in each of
the drawings, symbols (R), (G) and (B) attached on the lower
side of a driving substrate 10 denote pixel regions (regions in
which pixels are to be formed); specifically, symbol (R)
denotes a pixel region for a pixel 10R, symbol (G) denotes a
pixel region for a pixel 10G, and symbol (B) denotes a pixel
region for a pixel 10B.

[0092] First, as shown in FIG. 3A, lower electrodes 11
composed, for example, of the above-mentioned material are
formed on the driving substrate 10 in a patterned state in the
pixel regions by, for example, sputtering and photolithogra-
phy. In this case, a flattening film (not shown) covering driv-
ing circuits (inclusive of TFTs) provided in the driving sub-
strate 10 is preliminarily formed with apertures so that lower
electrodes 11 and the TFTs provided beneath the flattening
film are electrically connected to each other through the aper-
tures. Thereafter, over the lower electrodes 11 formed as
above, an inter-pixel dielectric film (not shown) is formed
over the whole part of the pixel regions (R), (G) and (B), and
aperture sections to be regions in which to form organic
stacked films 12R, 12G and 12B are formed in regions facing
the lower electrodes 11.
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[0093] Subsequently, as shown in FIG. 3B, ribs 110 com-
posed, for example, of the above-mentioned material are
formed in a patterned state in selective regions between the
pixels. Here, the ribs 110 are each formed in each region
between the pixel regions (R) and (G) and in each region
between the pixel regions (R) and (B) by, for example, pho-
tolithography.

[0094] Next, as shown in FIG. 4A, ahole transport layer 13
composed of the above-mentioned material is formed over
the whole area of the pixel regions (R), (G) and (B) by vacuum
evaporation from a direction substantially perpendicular to
the driving substrate 10.

[0095] Subsequently, as shown in FIG. 4B, a red light emit-
ting layer 14R composed of the above-mentioned material is
formed over the whole area of the pixel regions (R), (G) and
(B) by vacuum evaporation from a direction substantially
perpendicular to the driving substrate 10. This results in that
the hole transport layer 13 and the red light emitting layer 14R
are formed over the driving substrate 10 as layers which are
common to all the pixel regions. Incidentally, as a result of the
foregoing, the hole transport layer 13 and the red light emit-
ting layer 14R are built up also on top of the ribs 110.
[0096] Thereafter, as shown in FIG. 5A, a green electron
block layer 15G composed of the above-mentioned material
1s formed by oblique deposition utilizing the ribs 110 formed
as above. In this instance, the vapor deposition is conducted
from an angular direction D1 such that the pixel regions (G)
are exposed to the evaporation source whereas the pixel
regions (R) and (B) are hidden from the evaporation source
behind the ribs 110. In this manner, the green electron block
layer 15G is formed selectively in each pixel region (G) where
the pixel 10G is to be formed. Incidentally, as a result of this,
the green electron block layer 15G 1s also formed on that side
surface of each rib 110 provided between the pixel regions (R)
and (B) which is on the pixel region (R) side.

[0097] Subsequently, as shown in FIG. 5B, a green light
emitting layer 14G composed of the above-mentioned mate-
rial is formed by oblique deposition utilizing the ribs 110. In
thisinstance, the vapor deposition is conducted from the same
angular direction D1 as in the case of the green electron block
layer 15G. In other words, the green light emitting layer 14G
is formed on top of the green electron block layer 15G formed
as above. In this manner, the green light emitting layer 14G is
formed selectively in each region (G) where the pixel 10G is
to be formed. Incidentally, as a result of this, the green light
emitting layer 14G is also formed on that side surface of each
rib 110 provided between the pixel regions (R) and (B) which
is on the pixel region (R) side.

[0098] Next, as shown in FIG. 6A, a blue electron block
layer 15B composed of the above-mentioned material is
formed by oblique deposition utilizing the ribs 110. In this
case, the vapor deposition is conducted along an angular
direction D2 such that the pixel regions (B) are exposed to the
evaporation source whereas the pixel regions (R) and (G) are
hidden from the evaporation source behind the ribs 110. In
this manner, the blue electron block layer 15B is formed
selectively in each pixel region (B) in which the pixel 10B is
to be formed. Incidentally, as a result of this, the blue electron
block layer 15B is formed also on that side surface of each rib
110 provided between the pixel regions (R) and (G) which is
on the pixel region (R) side.

[0099] Subsequently, as shown in FIG. 6B, a blue light
emitting layer 14B composed of the above-mentioned mate-
rial is formed over the whole area of the pixel regions (R), (G)
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and (B) by vacuum evaporation from a direction substantially
perpendicular to the driving substrate 10. This results in that
the blue light emitting layer 14B is formed over the driving
substrate 10 as a layer which is common to all the pixel
regions. Incidentally, as a result of this, the blue light emitting
layer 14B is built up also on top of each rib 110. In this
manner, organic stacked films 12R, 12G and 12B are formed
in the pixel regions (R), (G) and (B), respectively.

[0100] Thereafter, as shown in FIG. 7, an upper electrode
16 composed of the above-mentioned material is formed over
the whole area of the pixel regions (R), (G) and (B) by, for
example, vacuum evaporation or sputtering. As a result, the
pixels 10R, 10G and 10B are formed on the driving substrate
10.

[0101] Finally, a protective film 17 is formed so as to cover
the whole surface area of the pixels 10R, 10G and 10B formed
as above. Thereafter, a sealing substrate 19 is laminated onto
the upper surface of the protective layer 17 through an adhe-
sive layer 18, to complete the display device 1 shown in FIG.
1.

[Operation and Effect of Display Device 1]

[0102] In the display device 1 according to the present
embodiment, when driving currents according to picture sig-
nals for respective colors are supplied to the pixels 10R, 10G
and 10B, electrons and holes are injected into the organic
stacked films 12R, 12G and 12B through the lower electrodes
11 and the upper electrode 16. The electrons and the holes are
put into recombination respectively in the red light emitting
layer 14R, the green light emitting layer 14G and the blue
light emitting layer 14B in the pixels 10R, 10G and 10B,
resulting in luminescence (light emission). In this manner,
full-color image display using R, G and B is performed on the
display device 1.

[0103] Here, in the display device 1, in order to realize the
above-mentioned full-color image display, patterning of the
three kinds of pixels (R, G and B pixels) has to be carried out
on the driving substrate 1. In the manufacturing process
according to the present embodiment, therefore, the ribs 110
are disposed in the selective regions between the pixels as a
shadow mask, and oblique deposition of each of desired ones
of the color light emitting materials is conducted by utilizing
the ribs 110, whereby patterning is achieved. The operation
and effect in using the film forming process utilizing the ribs
110 in this manner will be described below.

Comparative Example

[0104] FIG. 8is a sectional view for illustrating the general
configuration of and a manufacturing method for a display
device 100 according to Comparative Example of the present
embodiment. Incidentally, a protective film, an adhesive film
and a sealing substrate are omitted in the drawing, for sim-
plification. In this display device 100, pixels 100R, 100G and
100B are disposed on a driving substrate 101, and, in each
pixel, an organic stacked film including a light emitting layer
or layers are formed between a lower electrode 102 and an
upper electrode 105. Ribs 1010 for patterning of color light
emitting layers are disposed in selective regions between the
pixels. The organic stacked film in the pixel 100R for emitting
red light, for example, has a hole transport layer 103, a red
light emitting layer 104R and a blue light emitting layer 104B
stacked in this order from the side of the lower electrode 102.
In the pixel 100G for emitting green light, a hole transport
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layer 103, a green light emitting layer 104G and the blue light
emitting layer 104B are stacked in this order from the side of
the lower electrode 102. In the pixel 100B for emitting blue
light, the hole transport layer 103 and the blue light emitting
layer 104B are stacked in this order from the side of the lower
electrode 102.

[0105] Thus, the pixel 100R includes the red light emitting
layer 104R and the blue light emitting layer 104B as light
emitting layers, and includes the hole transport layer 103 as
another kind of organic layer. The pixel 100G includes the
green light emitting layer 104G and the blue light emitting
layer 104B as light emitting layers, and includes the hole
transport layer 103 as another kind of organic layer. The pixel
100B includes the blue light emitting layer 104B as a light
emitting layer, and includes the hole transport layer 103 as
another kind of organic layer. In other words, in this Com-
parative Example, the layer structure of the another kind of
organic layer is the same for all the pixels; specifically, the
layer structure is a structure having only the hole transport
layer 103 which is common to all the pixels.

[0106] Here, the pixels 100R and 100G each have two light
emitting layers stacked, and, in this case, emission of color
light corresponding to a lower luminescence energy is domi-
nant. More in detail, the luminescence energy increases in the
order of red light, green light and blue light, so that the
easiness of formation of recombination sites for electric
charges decreases in the order of the red light emitting layer
104R, the green light emitting layer 104G and the blue light
emitting layer 104B. Thus, luminescence in the green light
emitting layer 104G is dominant over luminescence in the
blue light emitting layer 104B, and luminescence in the red
light emitting layer 104R is dominant over luminescence in
the green light emitting layer 104G. Therefore, in the struc-
ture according to Comparative Example as above-mentioned,
emission of red light occurs in the pixels 100R, emission of
green light occurs in the pixels 100G, and emission of blue
light occurs in the pixels 100B, whereby full-color image
display can be achieved.

[0107] In a manufacturing process for the display device
100 as above, patterning of the color light emitting layers is
carried out by oblique deposition utilizing the ribs 1010 as
above-mentioned. In this case, film formation is conducted,
for example, according to the following procedure. After the
hole transport layer 103 is formed on the lower electrodes
102, first, the red light emitting layer 104R is formed by
oblique deposition utilizing the ribs 1010. Specifically, vapor
deposition is conducted from an angular direction D101 such
that the pixels 100R are exposed to the evaporation source
whereas the pixels 100G and 100B arehidden from the evapo-
ration source behind the ribs 1010, whereby the red light
emitting layer 104R is formed selectively in the regions of the
pixels 100R. Subsequently, the green light emitting layer
104G is formed by oblique deposition utilizing the ribs 1010.
Specifically, vapor deposition is conducted from an angular
direction D102 such that the pixels 100G are exposed to the
evaporation source whereas the pixels 100B and 100R are
hidden from the evaporation source behind the ribs 1010,
whereby the green light emitting layer 104G is formed selec-
tively in the regions of the pixels 100G. Thereafter, the blue
light emitting layer 104B is formed over the whole area of the
pixels 100R, 100G and 100B from a direction substantially
perpendicular to the driving substrate 101. Finally, the upper
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electrode 105 is formed on the blue light emitting layer 104B,
to complete the display device 100 having the above-men-
tioned stacked structure.

[0108] The technique according to Comparative Example
as above, however, has a problem that in vapor-depositing the
red light emitting layers 104R by utilizing the ribs 1010 as a
mask, part of the red light emitting material may be deposited
in the regions of the pixels 100G and/or 100B other than the
intended pixels 100R. This phenomenon arises from varia-
tions in the moving direction of molecules in vacuum and/or
reflection on wall surfaces of the vapor deposition apparatus.
Especially, luminescence energy for red light is lower than
that for blue light. Therefore, deposition of red light emitting
molecules in the regions of blue sub-pixels would, even ifthe
deposition amount is minute, cause the excitation energy of
blue light emitting molecules to be rapidly transferred to the
red light emitting molecules, resulting in emission of red
light. Thus, not only blue light but also red light would be
generated, in a mixed state, from the pixels 100B. Such color
mixture in light emission may lead to lowered color purity
and lowered display quality.

[0109] Asanumerical example of Comparative Example, a
sample as follows was fabricated, and luminescence intensity
was measured for each of R, G and B color lights. The width
(pitch) of each of the pixels 100R, 100G and 100B was set to
26 um, and the lower electrode 102 was composed of an
aluminum film measuring 8 pm in width and 50 nm in thick-
ness. The ribs 1010 were each formed in each region between
the pixels 100B and 100G and in each region between the
pixels 100B and 100R, to be measuring 6 um in height and 6
wm in width, by use of a photoresist. The hole transport layer
103 was composed of a stack of a 10 nm-thick layer of the
hexaazatriphenylene derivative (Chemical 1 above) and a 18
nm-thick layer of a-NPD. In forming the red light emitting
layers 104R, the angular direction D101 was set to 73° direc-
tion, a mixture of DPVBi with BSN was used as the red light
emitting material, and the film thickness was set to 50 nm. In
forming the green light emitting layers 104G, the angular
direction D102 was set to —73° direction, a mixture of ADN
with coumarin 6 was used as the green light emitting material,
and the film thickness was set to 25 nm. In forming the blue
light emitting layer 104B, a mixture of DPVBi with DPAVBIi
was used as the blue light emitting material, and the film
thickness was set to 15 nm. In addition, an electron transport
layer (not shown) of BCP with a thickness of 30 nm and an
electron injection layer (not shown) of lithium fluoride with a
thickness of 0.3 nm were formed over the blue light emitting
layer 104B, and a 15 nm-thick co-evaporated Mg—Ag (10:1)
film was formed thereon as an upper electrode 105. Inciden-
tally, a 1 pm-thick silicon nitride film was formed as a pro-
tective film (not shown), and then a sealing glass is laminated
thereon by use of a UV-curing resin. The display device 100
according to Comparative Example fabricated in this manner
was put to the above-mentioned measurement, the results
being shown in FIG. 9.

[0110] As shown in FIG. 9, emission of red light from the
pixels 100R and emission of green light from the pixels 100G
were achieved, but emission of blue light from the pixels
100B was not achieved. Instead, yellow light as a mixture of
red light with green light was emitted from the pixels 100B. In
addition, according to the above-mentioned settings, in each
of the pixels, an optical resonator structure was formed
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between the lower electrode 102 and the upper electrode 105,
with the order of resonance being 0 for red, 0 for green, and 0
for blue.

[0111] In contrast, in the present embodiment, as above-
mentioned, the organic stacked films 12R, 12G and 12B each
include one or more organic light emitting layers and another
kind of organic layer(s), and the layer structure of another
kind of organic layer(s) (specifically, the number, kinds and
thicknesses, etc. of another kind of organic layer(s)) differs on
a pixel kind basis. For instance, the organic stacked film 12G
includes the hole transport layer 13 and the green electron
block layer 15G, whereas the organic stacked film 12B
includes the hole transport layer 13 and the blue electron
block layer 15B, and the organic stacked film 12R includes
the hole transport layer 13, as another kind of organic layer(s).
[0112] According to the above-mentioned layer structures,
in each of the pixels 10R, recombination sites Dr are formed
in the red light emitting layer 14R, of the red light emitting
layer 14R and the blue light emitting layer 14B in the organic
stacked film 12R; consequently, emission of red light from
the red light emitting layer 14R is achieved. The reason is as
above-mentioned.

[0113] On the other hand, in each of the pixels 10G, light
emitting layers for three colors including the red light emit-
ting layer 14R, the green light emitting layer 14G and the blue
light emitting layer 14B are stacked in the organic stacked
film 12G. From the viewpoint of the luminescence energy as
above-mentioned, therefore, recombination sites are to be
formed in the red light emitting layer 14R. However, in the
present embodiment, as has been shown in FIG. 2A, the green
electron block layer 15G is interposed between the red light
emitting layer 14R and the green light emitting layer 14G.
Therefore, electrons injected from the upper electrode 16 side
do notreach the red light emitting layer 14R but remain on the
upper side relative to the green electron block layer 15G. Over
the green electron block layer 15G, there are stacked the
green light emitting layer 14G and the blue light emitting
layer 14B. In these two light emitting layers, emission of
green light becomes dominant (the recombination sites Dg
are formed in the green light emitting layer 14G), from the
viewpoint of luminescence energy as above-mentioned.
Accordingly, in the pixels 10G, emission of green light by the
green light emitting layer 14G is achieved.

[0114] Further on the other hand, in each of the pixels 10B,
light emitting layers for two colors including the red light
emitting layer 14R and the blue light emitting layer 14B are
stacked in the organic stacked film 12B. From the viewpoint
of the luminescence energy as above-mentioned, therefore,
recombination sites are to be formed in the red light emitting
layer 14R. However, in the present embodiment, as has been
shown in FIG. 2B, the blue electron block layer 15B is inter-
posed between the red light emitting layer 14R and the blue
light emitting layer 14B. Therefore, electrons injected from
the upper electrode 16 side do not reach the red light emitting
layer 14R but remain on the upper side relative to the blue
electron block layer 15B. In other words, the recombination
sites Db are formed in the blue light emitting layer 14B
stacked on the blue electron block layer 15B. Accordingly, in
the pixels 10B, emission of blue light by the blue light emit-
ting layer 14B is achieved.

[0115] As above-mentioned, the layer structure of the
another kind of organic layer(s) differs on the basis of each of
the kinds of the pixels 10R, 10G and 10B. Specifically, in the
present embodiment, the green electron block layer 15G is
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provided at a predetermined position in the pixel 10G, while
the blue electron block layer 15B is provided at a predeter-
mined position in the pixel 10B. This ensures that, even if a
light emitting material to be built up only in the regions of
selective pixels by oblique deposition is deposited in the
regions of other pixels than the desired pixels during film
forming process, luminescent color mixture due to the undes-
ired deposition is restrained.

[0116] Forinstance, in the case where the green light emit-
ting material is deposited in the regions of the pixels 10R and
10B other than the desired pixels 10G in forming the green
light emitting layers 14G, this imposes no problem on the
pixels 10R because emission of red light is intrinsically domi-
nant in the pixels 10R. On the other hand, in the pixels 10B,
the blue electron block layer 15B is formed after the forma-
tion of the green light emitting layer 14G, so that transfer of
electrons to the green light emitting molecules deposited
during formation of the green light emitting layer 14G is
prevented from occurring.

[0117] In addition, the red light emitting layer 14R is pro-
vided as the lowest layer of the light emitting layers for the
three luminescent colors (is formed first of the light emitting
layers for the three luminescent colors), and the green elec-
tron block layer 15G and the blue electron block layer 15B are
stacked on the red light emitting layer 14R in the regions of
the pixels 10G and 10B, respectively. This ensures that move-
ment of electrons into the red light emitting layer 14R in any
of the pixels 10G and 10B is prevented from occurring.
[0118] Incidentally, in each of the steps of forming the
green electron block layer 15G and the blue electron block
layer 15B, the material used for forming the electron block
layer (for example, a hole transport material) may be depos-
ited on the red light emitting layer 14R inthe pixels 10R. Ifthe
deposition amount in such a situation is minute, most of
excitation energy is transferred to the red light emitting mate-
rial, and, accordingly, the undesired deposition would not
hamper the emission of red light from the pixels 10R.
[0119] Thus, the use of the electron block layers ensures
that the order and locations of film formation from the organic
light emitting materials for the respective luminescent colors
can be appropriately set so as to minimize the influences of
deposition of the materials evaporated. As a result of this, it
becomes easier to extract the desired color lights from the
respective pixels.

[0120] As anumerical example of the present embodiment,
a sample as follows was fabricated, and luminescence inten-
sity was measured for each of R, G and B color lights. The
width (pitch) of each of the pixels 10R, 10G and 10B was set
to 26 pm, and the lower electrode 11 was composed of an ITO
film measuring 8 pum in width and 50 nm in thickness. In
addition, an aluminum mirror with a thickness of 100 nm was
provided beneath the lower electrodes 11. The ribs 110 were
each formed in each region between the pixels 10R and 10G
and in each region between the pixels 10B and 10R, to be
measuring 6 pm in height and 6 pm in width, by use of a
photoresist. The hole transport layer 13 was composed of a
stack of a 10 nm-thick layer of the hexaazatriphenylene
derivative (Chemical 1 above) and a 18 nm-thick layer of
a-NPD. The red light emitting layer 14R was formed in a
thickness of 10 nm by use of a mixture of DPVBi with BSN.
In forming the green electron block layers 15G, the angular
direction D1 in oblique deposition was set to 73° direction,
o-NPD was used as the electron block material, and the
thickness was set to 100 nm. In forming the green light
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emitting layers 14G, also, the angular direction D1 was set to
73° direction, a mixture of ADN with coumarin 6 was used as
the green light emitting material, and the thickness was set to
10 nm. In addition, in forming the blue electron block layer
15B, the angular direction D2 in oblique deposition was set to
-73° direction, o.-NPD was used as the electron block mate-
rial, and the thickness was set to 70 nm. The blue light emit-
ting layer 14B was formed in a thickness of 15 nm by use of
a mixture of DPVBi with DPAVBI. In addition, an electron
transport layer (not shown) of BCP with a thickness of 30 nm
and an electron injection layer (not shown) of lithium fluoride
with a thickness of 0.3 nm were formed over the blue light
emitting layer 14B, and a 15 nm-thick co-evaporated
Mg—Ag (10:1) film was formed thereon as the upper elec-
trode 16. A 1 pm-thick silicon nitride film was used as the
protective layer 17, and the sealing substrate 19 was lami-
nated thereon by use of the adhesive layer 18 formed of a
UV-curing resin. The display device 1 fabricated in this man-
ner was put to the above-mentioned measurement, the results
being shown in FIG. 10.

[0121] As shown in FIG. 10, emission of red light from the
pixels 10R, emission of green light from the pixels 10G, and
emission of blue light from the pixels 10B were achieved. In
addition, according to the above-mentioned settings, in each
of the pixels, an optical resonator structure was formed
between the Al mirror beneath the lower electrode 11 and the
upper electrode 16, with the order of resonance being 0 for
red, 1 for green, and 1 for blue.

[0122] Thus, in the present embodiment, the organic
stacked films 12R, 12G and 12B provided between the lower
electrodes 11 and the upper electrode 16 each include the light
emitting layers for two or more colors and another kind of
organic layer(s), and the layer structure of another kind of
organic layer(s) differs on the basis of each of the kinds of the
pixels 10R, 10G and 10B. For instance, the green electron
block layer 15G is disposed at a predetermined position in the
pixel 10G, and the blue electron block layer 15B is disposed
at a predetermined position in the pixel 10B. This ensures
that, even when a pixel suffers deposition thereto of an
organic light emitting material for luminescent color different
from its own luminescent color, mixture of colors in lumines-
cence from the pixel due to the undesired deposition can be
restrained from occurring. Accordingly, it is possible to
secure good color purity, in color display using a plurality of
colors.

Modification 1

[Configuration of Display Device 1A]

[0123] Now, a display device (display device 1A) accord-
ing to amodification (Modification 1) of the first embodiment
above will be described. In the following, the components
equivalent to those in the first embodiment above will be
denoted by the same reference symbols as used above and
their descriptions will be omitted, as appropriate. FIG. 11
illustrates a sectional configuration of the display device 1A.
The display device 1A is, for example, an organic EL display
device of the active matrix system and of the top emission
type, like the display device 1 according to the first embodi-
ment above, and has three kinds of pixels 10R1, 10G1 and
10B1 (each having an organic EL element) on a driving
substrate 10. Like in the first embodiment above, each of the
pixels 10R1, 10G1 and 10B1 has a lower electrode 11, an
organic stacked film (12R1, 12G1, 12B1) and an upper elec-
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trode 16 in this order from the side of the driving substrate 10.
Like in the first embodiment above, the organic stacked films
12R1, 12G1 and 12B1 are each an organic stacked film
including one or more light emitting layers selected from
among a red light emitting layer 14R, a green light emitting
layer 14G1 and a blue light emitting layer 14B, and are
different from each other (on a pixel kind basis) in layer
structure of other layer(s). In addition, ribs 110 are disposed
between the pixels, and a protective layer 17, an adhesive
layer 18 and a sealing substrate 19 are provided over the upper
electrode 16.

[0124] Itis to be noted that in the present modification, the
green light emitting layer 14G1 is provided as a layer which
is common to all the pixels 10R1, 10G1 and 10B1. In other
words, in the present modification, the organic stacked films
12R1, 12G1 and 12B1 each have all of the red light emitting
layer 14R, the green light emitting layer 14G1 and the blue
light emitting layer 14B. The stacked structures of such
organic stacked films 12R1, 12G1 and 12B1 will be specifi-
cally described below.

[0125] FIGS. 12A to 12C illustrate sectional structures of
the organic stacked films 12R1, 12G1 and 12B1. As shown in
FIG. 12A, the organic stacked film 12G1 has the red light
emitting layer 14R, a green electron block layer 15G, the
green light emitting layer 14G1 and the blue light emitting
layer 14B stacked in this order over a hole transport layer 13.
As shown in FIG. 12B, the organic stacked film 12B1 has the
red light emitting layer 14R, the green light emitting layer
14G1, a blue electron block layer 15B and the blue light
emitting layer 14B stacked in this order over the hole trans-
port layer 13. As shown in FIG. 12C, the organic stacked film
12R1 has the red light emitting layer 14R, the green light
emitting layer 14G1 and the blue light emitting layer 14B
stacked in this order over the hole transport layer 13. The
green light emitting layer 14G1 is formed from a material
equivalent to that for the green light emitting layer 14G in the
first embodiment above.

[0126] Eveninthe case where the green light emitting layer
14G1 is thus provided in each of the pixels (in other words,
the organic light emitting layers for all luminescent colors are
thus provided in each of the pixels), recombination sites Dg in
the organic stacked film 12G1 are formed in the green light
emitting layer 14G1, recombination sites Db in the organic
stacked film 12B1 are formed in the blue light emitting layer
14B, and recombination sites Dr in the organic stacked film
12R1 are formed in the red light emitting layer 14R.

[0127] Specifically, the organic stacked film 12G1 in the
pixels 10G1 has the light emitting layers for all the three
luminescent colors, namely, the red light emitting layer 14R,
the green light emitting layer 14G1 and the blue light emitting
layer 14B as light emitting layers, and has the hole transport
layer 13 and the green electron block layer 15G as another
kind of organic layers. The organic stacked film 12B1 in the
pixels 10B1 has the light emitting layers for all the three
colors as light emitting layers, and has the hole transport layer
13 and the blue electron block layer 15B as another kind of
organic layers. The organic stacked film 12R1 in the pixels
10R1 has the light emitting layers for all the three colors as
light emitting layers, and has the hole transport layer 13 as
another kind of organic layer.

[0128] Viewing the display device 1A as a whole, the hole
transport layer 13 is provided on the driving substrate 10 over
the whole area of the pixels 10R1, 10G1 and 10B1, and thered
light emitting layer 14R is formed on the hole transport layer
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13 over the whole area of the substrate. On the red light
emitting layer 14R, the green electron block layer 15G is
provided in selective regions corresponding to the pixels
10G1, and, on the upper side of the green electron block layer
15G, the green light emitting layer 14G1 is provided over the
whole area of the substrate. On the green light emitting layer
14G1, the blue electron block layer 15B is provided in selec-
tive regions corresponding to the pixels 10B1, and, on the
upper side of the blue electron block layer 15B, the blue light
emitting layer 14B is provided over the whole area of the
substrate.

[Manufacturing Method for Display Device 1A]

[0129] The display device 1A as above can be manufac-
tured, for example, in the following manner. FIGS. 13A to 15
are sectional views for illustrating a method of manufacturing
the display device 1A.

[0130] First, in the same manner as in the first embodiment
above, lower electrodes 11, ribs 110, the hole transport layer
13, the red light emitting layer 14R and the green electron
block layer 15G are formed over the driving substrate 10
(FIG. 13A). Subsequently, as shown in FIG. 13B, the green
light emitting layer 14G1 is formed over the whole area of
pixel regions (R), (G) and (B) by vacuum evaporation from a
direction substantially perpendicular to the driving substrate.
This ensures that the green light emitting layer 14G1 is
formed over the driving substrate 10 as a layer which is
common to all the pixel regions. Incidentally, as a result of
this, the green light emitting layer 14G1 is built up also ontop
of the ribs 110.

[0131] Next, as shown in FIG. 14A, in the same manner as
in the first embodiment above, the blue electron block layer
15B is selectively formed in the pixel regions (B) by oblique
deposition utilizing the ribs 110. Thereafter, as shown in FIG.
14B, in the same manner as in the first embodiment above, the
blue light emitting layer 14B is formed over the whole area of
the pixel regions (R), (G) and (B) by vacuum evaporation
from a direction substantially perpendicular to the driving
substrate 10. This ensures that the blue light emitting layer
14B is formed over the driving substrate 10 as a layer which
is common to all the pixel regions. In this manner, the organic
stacked films 12R1, 12G1 and 12B1 are formed in the pixel
regions (R), (G) and (B), respectively.

[0132] Thereafter, as shown in FIG. 15, in the same manner
as in the first embodiment above, the upper electrode 16 is
formed over the whole area of the pixel regions (R), (G) and
(B) by, for example, vacuum evaporation or sputtering. As a
result, the pixels 10R1, 10G1 and 10B1 are formed on the
driving substrate 10. Finally, in the same manner as in the first
embodiment above, a protective film 17 is formed so as to
cover the whole area of the pixels 10R1, 10G1 and 10B1.
Thereafter, a sealing substrate 19 is laminated onto the upper
surface of the protective layer 17 through an adhesive layer
18, to complete the display device 1A shown in FIG. 11.
[0133] As in the present modification, not only the red light
emitting layer 14R and the blue light emitting layer 14B but
also the green light emitting layer 14G1 can be formed as a
layer which is common to all the pixels. In other words, while
the green light emitting layer 14G1 may be formed by oblique
deposition utilizing the ribs 110 as described in the first
embodiment above, it may also be formed by vapor deposi-
tion from a substantially perpendicular direction in the same
manner as other light emitting layers as in the present modi-
fication. Even in the case where the light emitting layers for
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all the three luminescent colors are thus formed in each of the
pixels, the configuration in which the pixels 10G1 have the
green electron block layer 15G and the pixels 10B1 have the
blue electron block layer 15B ensures that recombination of
electric charges occurs in an appropriate layer in each pixel
and, therefore, it becomes easier to extract desired color
lights. Consequently, the same effect as in the first embodi-
ment above can be obtained.

[0134] Asanumerical example ofthe present modification,
a sample as follows was fabricated, and luminescence inten-
sity was measured for each of R, G and B color lights. In this
instance, the width (pitch) of each of the pixels 10R1, 10G1
and 10B1, the scale and material of the lower electrodes 11,
disposition of the reflecting mirror, and the scale and material
oftheribs 110 were set in the same manner as in the numerical
example of the first embodiment above. In addition, the
respective materials for the hole transport layer 13, the red
light emitting layer 14R, the green light emitting layer 14G1,
the blue light emitting layer 14B, the green electron block
layer 15G and the blue electron block layer 15B were set in
the same manner as in the first embodiment above, and the
thicknesses of the layers were set in the following manner.
The layer thickness was set to 68 nm for the hole transport
layer 13, 7 nm for the red light emitting layer 14R, 10 nm for
the green light emitting layer 14G1, 15 nm for the blue light
emitting layer 14B, 30 nm for the green electron block layer
15G, and 30 nm for the blue electron block layer 15B. In
addition, in forming the green electron block layer 15G, the
angular direction D1 in oblique deposition was set to 73°
direction. In forming the blue electron block layer 15B, the
angular direction D2 in oblique deposition was set to =73°
direction. Besides, a 35 nm-thick electron transport layer
composed of BCP, a 0.3 nm-thick electron injection layer
composed of LiF, and a 12 nm-thick upper electrode 16 com-
posed of a co-evaporated Mg—Ag film were formed in this
order over the blue light emitting layer 14B. The display
device 1A fabricated in this manner was put to the above-
mentioned measurement, the results being shown in F1G. 16.
[0135] Asshown in FIG. 16, emission of red light from the
pixels 10R1, emission of green light from the pixels 10G1,
and emission of blue light from the pixels 10B1 were
achieved. In addition, according to the above-mentioned set-
tings, an optical resonator structure was formed between the
Al mirror beneath the lower electrode 11 and the upper elec-
trode 16 in each of the pixels, with the order of resonance
being 0 for red, 1 for green and 1 for blue.

Second Embodiment

[Configuration of Display Device 2]

[0136] FIG. 17 shows a sectional structure of a display
device 2 according to a second embodiment of the present
technology. Like the display device 1 according to the first
embodiment above, the display device 2 is, for example, an
organic EL display device of the active matrix system and of
the top emission type, and has three kinds of pixels 20R, 20G
and 20B (each having an organic EL element) on a driving
substrate 10. In the following, the components equivalent to
those in the first embodiment above will be denoted by the
same reference symbols as used above and their descriptions
will be omitted, as appropriate.

[0137] These pixels 20R, 20G and 20B each have a lower
electrode 11, an organic stacked film (22R, 22G, 22B) and an
upper electrode 16 in this order from the side of the driving
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substrate 10, for example. Inaddition, like in the first embodi-
ment above, ribs 110 are each disposed in each region
between the pixels 20R and 20B and in each region between
the pixels 20R and 20G, and a protective layer 17, an adhesive
layer 18 and a sealing substrate 19 are provided over the upper
electrode 16. For the upper electrode 16, the various electrode
materials as described in the first embodiment above can be
used. Of the above-mentioned materials, the co-evaporated
Mg—Ag filmis used in the present embodiment. This ensures
that, by appropriately selecting the total thickness of each of
the organic stacked films 22R, 22G and 22B and the distances
between each color light emitting layer and the electrodes, it
is possible to form a desired optical resonator structure in
each of the pixels.

(Configurations of Organic Stacked Films 22R, 22G and
22B)

[0138] Like in the first embodiment above, the organic
stacked films 22R, 22G and 22B each have one or more
organic light emitting layers selected from among a red light
emitting layer 14R, a green light emitting layer 14G and a
blue light emitting layer 14B, and another kind of organic
layer(s), in a stacked state. In addition, these organic stacked
films 22R, 22G and 22B are different from each other (on a
pixel kind basis) in layer structure of another kind of organic
layer(s) (the number, kinds and thicknesses, etc. of another
kind of organic layer(s)).

[0139] FIGS. 18A to 18C show sectional structures of the
organic stacked films 22R, 22G and 22B. As shown in FIG.
18 A, the organic stacked film 22G has a green film thickness
adjusting layer 21G, a red light emitting layer 14R, a green
electron block layer 15G, a green light emitting layer 14G and
a blue light emitting layer 14B stacked in this order over a
hole transport layer 13. As shown in FIG. 18B, the organic
stacked film 22B has a blue film thickness adjusting layer
21B, the red light emitting layer 14R, a blue electron block
layer 15B and the blue light emitting layer 14B stacked in this
order over the hole transport layer 13. The green film thick-
ness adjusting layer 21G and the blue film thickness adjusting
layer 21B are formed, for example, from the same material
(hole transporting material) as that for the hole transport layer
13 described above. As shown in FIG. 18C, the organic
stacked film 22R has the red light emitting layer 14R and the
blue light emitting layer 14B stacked over the hole transport
layer 13.

[0140] Thus, in the present embodiment, also, light emit-
ting layers for different color lights are stacked respectively in
the organic stacked films 22R, 22G and 22B, but it is ensured
that recombination sites Dg in the organic stacked film 22G
are formed in the green light emitting layer 14G, recombina-
tion sites Db in the organic stacked film 22B are formed in the
blue light emitting layer 14B, and recombination sites Dr in
the organic stacked film 22R are formed in the red light
emitting layer 14R.

[0141] Specifically, the organic stacked film 22G in the
pixels 20G has the red light emitting layer 14R, the green light
emitting layer 14G and the blue light emitting layer 14B as
light emitting layers, and has the hole transport layer 13, the
green film thickness adjusting layer 21G and the green elec-
tron block layer 15G as another kind of organic layers. The
organic stacked film 22B in the pixels 20B has the red light
emitting layer 14R and the blue light emitting layer 14B as
light emitting layers, and has the hole transport layer 13, the
blue film thickness adjusting layer 21B and the blue electron

May 10, 2012

block layer 15B as another kind of organic layers. The organic
stacked film 22R in the pixels 20R has the red light emitting
layer 14R and the blue light emitting layer 14B as light
emitting layers, and has the hole transport layer 13 as another
kind of organic layer.

[0142] Viewing the display device 2 as a whole, the hole
transport layer 13 is provided on the driving substrate 10 over
the whole area of the pixels 20R, 20G and 20B, and, on the
hole transport layer 13, the green film thickness adjusting
layer 21G is provided in the pixels 20G, whereas the blue film
thickness adjusting layer 21B is provided in the pixels 20B. In
the manner of covering the green film thickness adjusting
layer 21G and the blue film thickness adjusting layer 21B, the
red light emitting layer 14R is formed over the whole area the
pixels 20R, 20G and 20B. On the upper side of the red light
emitting layer 14R, the green electron block layer 15G and
the green light emitting layer 14G are provided in this order in
the pixels 20G, whereas the blue electron block layer 15B is
provided in the pixels 20B. In the manner of covering these,
the blue light emitting layer 14B is provided over the whole
area of the pixels 20R, 20G and 20B.

[Manufacturing Method for Display Device 2]

[0143] The display device 2 as above can be manufactured,
for example, in the following manner. FIGS. 19A to 23 are
sectional views illustrating, in the order of steps, a method of
manufacturing the display device 2.

[0144] First, in the same manner as in the first embodiment
above, lower electrodes 11 are formed on a driving substrate
10, and then ribs 110 are formed. Thereafter, as shown in FIG.
19A, a hole transport layer 13 is formed over the whole area
of pixel regions (R), (G) and (B) by vacuum evaporation from
a direction substantially perpendicular to the driving sub-
strate 10,

[0145] Thereafter, asshown in FIG. 19B, a green film thick-
ness adjusting layer 21G composed of the above-mentioned
material is formed by oblique deposition utilizing the ribs
110. In this instance, vapor deposition is conducted from an
angular direction D1 such that the pixel regions (G) are
exposed to the evaporation source whereas the pixel regions
(R) and (B) are hidden from the evaporation source behind the
ribs 110. In this manner, the green film thickness adjusting
layer 21G is formed selectively in the pixel regions (G) in
which to form the pixels 20G. Incidentally, as a result of this,
the green film thickness adjusting layer 21G is formed also on
that side surface of each rib 110 provided between the pixel
regions (R) and (B) which is on the pixel region (R) side. In
addition, the thickness of the green film thickness adjusting
layer 21G is set to an appropriate value such that a desired
resonant length is obtained in an optical resonator structure of
the pixels 20G.

[0146] Subsequently. as shown in FIG. 20A, the blue film
thickness adjusting layer 21B composed of the above-men-
tioned material is formed by oblique deposition utilizing the
ribs 110. In this case, vapor deposition is performed from an
angular direction D2 such that the pixel regions (B) are
exposed to the evaporation source whereas the pixel regions
(R)and (G) are hidden from the evaporation source behind the
ribs 110. In this manner, the blue film thickness adjusting
layer 21B is formed selectively in the pixel regions (B) in
which to form the pixels 20B. Incidentally, as a result of this,
the blue film thickness adjusting layer 21B is formed also on
that side surface of each rib 110 provided between the pixel
regions (R) and (G) which is on the pixel region (R) side. In
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addition, the thickness of the blue film thickness adjusting
layer 21B is set to an appropriate value such that a desired
resonant length is obtained in an optical resonator structure of
the pixels 20B.

[0147] Thereafter, as shown in FIG. 20B, like in the first
embodiment above, the red light emitting layer 14R is formed
over the whole area of the pixel regions (R), (G) and (B) by
vacuum evaporation from a direction substantially perpen-
dicular to the driving substrate 10. This ensures that the red
light emitting layer 14R is formed over the driving substrate
10 as a layer which is common to all the pixel regions. Inci-
dentally, as aresult of this, the red light emitting layer 14R is
built up also on top of the ribs 110.

[0148] Next, as shown in FIG. 21 A, like in the first embodi-
ment above, the green electron block layer 15G is formed
selectively in the pixel regions (G) by oblique deposition
utilizing the ribs 110. Incidentally, as a result of this, the green
electron block layer 15G is formed also on that side surface of
each rib 110 provided between the pixel regions (R) and (B)
which is on the pixel region (R) side.

[0149] Subsequently, as shown in FIG. 21B, like in the first
embodiment above, the green light emitting layer 14G is
formed to be stacked on the green electron block layer 15G in
the pixel regions (G) by oblique deposition utilizing the ribs
110. Incidentally, as a result of this, the green light emitting
layer 14G is formed also on that side surface of each rib 110
provided between the pixel regions (R) and (B) which is on
the pixel region (R) side.

[0150] Next, as shown in FIG. 22A, like in the first embodi-
ment above, the blue electron block layer 15B is formed
selectively in the pixel regions (B) by oblique deposition
utilizing the rib 110. Incidentally, as a result of this, the blue
electron block layer 15B is formed also on that side surface of
each rib 110 provided between the pixel regions (R) and (G)
which is on the pixel region (R) side.

[0151] Subsequently, as shown in FIG. 22B, like in the first
embodiment above, the blue light emitting layer 14B is
formed over the whole area of the pixel regions (R), (G) and
(B) by vacuum evaporation from a direction substantially
perpendicular to the driving substrate 10. This ensures that the
blue light emitting layer 14B is formed over the driving sub-
strate 10 as a layer which is common to all the pixel regions.
Incidentally, as a result of this, the blue light emitting layer
14B is built up also on top of the ribs 110. In this manner, the
organic stacked films 22R, 22G and 22B are formed respec-
tively in the pixel regions (R), (G) and (B).

[0152] Thereafter, as shown in FIG. 23, like in the first
embodiment above, an upper electrode 16 is formed over the
whole area of the pixel regions (R), (G) and (B) by, for
example, vacuum evaporation or sputtering. As a result, the
pixels 20R, 20G and 20B are formed on the driving substrate
10.

[0153] Finally, in the same manner as in the first embodi-
ment above, a protective film 17 is formed so as to cover the
whole area of the pixels 20R, 20G and 20B formed as above,
and a sealing substrate 19 is laminated onto the upper surface
of the protective layer 17 through an adhesive layer 18, to
complete the display device 2 shown in FIG. 17.

[Operation and Effect of Display Device 2]

[0154] In the display device 2 according to the present
embodiment, when driving currents according to picture sig-
nals for respective colors are supplied respectively to the
pixels 20R, 20G and 20B, electrons and holes are injected into
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the organic stacked films 22R, 22G and 22B through the
lower electrodes 11 and the upper electrode 16. The electrons
and the holes are put into recombination respectively in the
red light emitting layer 14R, the green light emitting layer
14G and the blue light emitting layer 14B in the pixels 20R,
20G and 20B, resulting in emission of respective color lights.
In this manner, full-color image display based on R, G and B
color lights is performed on the display device 2.

[0155] Here, in the display device 2 also, like in the display
device 1 according to the first embodiment above, in order to
realize the full-color image display, the patterning of each of
the color light emitting layers in the manufacturing process is
conducted using the ribs 110. Besides, in the present embodi-
ment also, the organic stacked films 22R, 22G and 22B each
have one or more organic light emitting layers and another
kind of organic layer(s), and the layer structure of another
kind of organic layer(s) differs on a pixel kind basis. For
instance, the organic stacked film 22G includes the hole trans-
port layer 13, the green film thickness adjusting layer 21G,
and the green electron block layer 15G, while the organic
stacked film 22B includes the hole transport layer 13, the blue
film thickness adjusting layer 21B and the blue electron block
layer 15B, and the organic stacked film 22R includes the hole
transport layer 13, as another kind of organic layer(s).
[0156] Owing to these layer structures, in the pixel 20R,
recombination sites Dr are formed in the red light emitting
layer 14R and emission of red light is obtained thereby, like in
the pixel 10R in the first embodiment above. Besides, in the
pixel 20G, although the red light emitting layer 14R, the green
light emitting layer 14G and the blue light emitting layer 14B
are stacked in the organic stacked film 22G, the presence of
the green electron block layer 15G ensures that recombina-
tion occurs in the green light emitting layer 14G, for the same
reason as in the first embodiment above. Accordingly, in the
pixel 20G, emission of green light by the green light emitting
layer 14G is achieved. In the pixel 20B, similarly, although
the red light emitting layer 14R and the blue light emitting
layer 14B are stacked in the organic stacked film 22B, the
presence of the blue electron block layer 15B ensures that
recombination takes place in the blue light emitting layer
14B. Consequently, in the pixel 20B, emission of blue light by
the blue light emitting layer 14B is achieved.

[0157] Thus, in the present embodiment also, the layer
structure of another kind of organic layer(s) differs on the
basis of each of the kinds of the pixels 20R, 20G and 20B.
Specifically, the green electron block layer 15G is provided at
a predetermined position in the pixel 20G, and the blue elec-
tron block layer 15B is provided at a predetermined position
in the pixel 20B. This ensures that, even when a light emitting
material to be deposited to form a film only in the regions of
selective pixels by oblique deposition is deposited in the
regions of other pixels than the desired pixels, mixture of
colors in luminescence is restrained from occurring due to the
undesired deposition. In other words, the use of the electron
block layers ensures that the order and locations of film for-
mation from the organic light emitting materials correspond-
ing to respective colors can be appropriately set in such a
manner as to minimize the influences of deposition of the
materials evaporated. As a result, it becomes easier to extract
desired color lights from the respective pixels.

[0158] In addition, in the present embodiment, the green
film thickness adjusting layer 21G and the blue film thickness
adjusting layer 21B areprovided respectively in the pixel 20G
and the pixel 20B, so that the resonant lengths in the optical
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resonator structures in the pixels 20R, 20G and 20B can be
controlled to desired values. As a result, luminous efficiency
and color purity in the pixels are enhanced.

[0159] Asanumerical example of the present embodiment,
a sample as follows was fabricated, and luminescence inten-
sity was measured for each of R, G and B color lights. In this
instance, the width (pitch) of each of the pixels 20R, 20G and
20B, the scale and material of the lower electrodes 11, dispo-
sition of the reflecting mirror, the scale and material of the ribs
110, and the thickness and material of the hole transport layer
13 were set in the same manner as in the numerical example
of the first embodiment above. In forming the green film
thickness adjusting layer 21G, the angular direction D1 in
oblique deposition was set to 73° direction, a-NPD was used
as the film forming material, and the thickness was set to 80
nm. In forming the blue film thickness adjusting layer 21B,
the angular direction D2 in oblique deposition was set to —73°
direction, a-NPD was used as the film forming material, and
the thickness was set to 40 nm. The film forming material and
thickness of the red light emitting layer 14R were set in the
same manner as in the numerical example of the first embodi-
ment above. In forming the green electron block layer 15G,
the angular direction D1 in oblique deposition was set to 73°
direction, a.-NPD was used as the electron block material, and
the thickness was set to 20 nm. Settings for the green light
emitting layer 14G were the same as in the first embodiment
above. In forming the blue electron block layer 15B, the
angular direction D2 in oblique deposition was set to —=73°
direction, c.-NPD was used as the electron block material, and
the thickness was set to 30 nm. Settings for the blue light
emitting layer 14B were the same as in the first embodiment
above. In addition, the electron transport layer, the electron
injection layer and the upper electrode 16, of which the film
forming materials and the film thicknesses were the same as
in the first embodiment, were formed in this order. Further,
the sealing substrate 19 was laminated, through the protective
layer 17 and the adhesive layer 18. The display device 2
fabricated in this manner was put to the above-mentioned
measurement, the results being shown in FIG. 24.

[0160] As shown in FIG. 24, emission of red light from the
pixels 20R, emission of green light from the pixels 20G, and
emission of blue light from the pixels 20B were achieved. In
addition, according to the above-mentioned settings, an opti-
cal resonator structure was formed between the Al mirror
beneath the lower electrode 11 and the upper electrode 16 in
each of the pixels, with the order of resonance being 0 for red,
1 for green, and 1 for blue. Besides, with the green film
thickness adjusting layer 21G and the blue film thickness
adjusting layer 21B provided separately, it was possible to set
the green electron block layer 15G and the blue electronblock
layer 15B to be thinner than in the first embodiment above.
Therefore, the amount of the electron block material depos-
ited on the red light emitting layer 14R was reduced. As a
result, the quantity of red light emitted by the pixel 20R was
increased, as compared with the first embodiment above.

[0161] As above-mentioned, in the present embodiment,
the organic stacked films 22R, 22G and 22B each provided
between the lower electrode 11 and the upper electrode 16
each have two or more light emitting layers and another kind
of organic layer(s), and the layer structure of another kind of
organic layer(s) differs on the basis of each of the kinds of the
pixels 20R, 20G and 20B. For instance, the green film thick-
ness adjusting layer 21G and the green electron block layer
15G are disposed at predetermined positions in the pixel 20G,
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while the blue film thickness adjusting layer 21B and the blue
electron block layer 15B are disposed at predetermined posi-
tions in the pixel 20B. This ensures that, even when a pixel
suffers deposition thereon of an organic light emitting mate-
rial for a luminescent color different from its own lumines-
cent color, mixture of colors in luminescence can be
restrained from occurring due to the undesired deposition.
Therefore, good color purity can be secured in color display
using a plurality of colors. In addition, an optical resonator
structure with a desired resonant length can be realized in
each pixel, so that luminous efficiency and color purity can be
enhanced.

Modification 2

[Configuration of Display Device 2A]

[0162] Now, a display device (display device 2A) accord-
ing to a modification (Modification 2) of the second embodi-
ment above will be described. In the following description,
the component equivalent to those in the first and second
embodiments above will be denoted by the same reference
symbols as used above and their descriptions will be omitted,
as appropriate. FIG. 25 illustrates a sectional structure of the
display device 2A. Like the display device 2 according to the
second embodiment above, the display device 2A is, for
example, an organic EL display device of the active matrix
system and of the top emission type, and has three kinds of
pixels 20R1, 20G1 and 20B1 (each having an organic EL
element) on a driving substrate 10. Like in the second
embodiment above, the pixels 20R1, 20G1 and 20B1 each
have a lower electrode 11, an organic stacked film (22R1,
22(G1, 22B1) and an upper electrode 16 stacked in this order
from the side of the driving substrate 10. Like in the second
embodiment above, the organic stacked films 22R1, 22G1
and 22B1 are each an organic stacked film including one or
more light emitting layers selected from among a red light
emitting layer 14R, a green light emitting layer 14G1 and a
blue light emitting layer 14B, and are differing from each
other (on a pixel kind basis) in the layer structure of another
kind of organic layer(s). In addition, ribs 110 are disposed
between the pixels, and a protective layer 17, an adhesive
layer 18 and a sealing substrate 19 are provided over the upper
electrode 16. Besides, the organic stacked film 22G1 is pro-
vided therein with a green film thickness adjusting layer 21G,
while the organic stacked film 22B1 is provided therein with
a blue film thickness adjusting layer 21B.

[0163] It is to be noted here that, like in Modification 1 of
the first embodiment above, a green light emitting layer 14G1
is provided as a layer which is common to the pixels 20R1,
20G1 and 20B1. In other words, in the present modification,
each of the organic stacked films 22R1, 22G1 and 22B1 has
all of the red light emitting layer 14R, the green light emitting
layer 14G1 and the blue light emitting layer 14B. Now, the
stacked structures of the organic stacked films 22R1, 22G1
and 22B1 will be described below.

[0164] FIGS. 26A to 26C illustrate sectional structures of
the organic stacked films 22R1, 22G1 and 22B1. As shown in
FIG. 26A, the organic stacked film 22G1 has the green film
thickness adjusting layer 21G, the red light emitting layer
14R, a green electron block layer 15G, the green light emit-
ting layer 14G1 and the blue light emitting layer 14B stacked
in this order over a hole transport layer 13. As shown in FIG.
26B, the organic stacked film 22B1 has the blue film thickness
adjusting layer 21B, the red light emitting layer 14R, the
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green light emitting layer 14G1, a blue electron block layer
15B and the blue light emitting layer 14B stacked in this order
over the hole transport layer 13. As shown in FIG. 26C, the
organic stacked film 22R1 has the red light emitting layer
14R, the green light emitting layer 14G1 and the blue light
emitting layer 14B stacked over the hole transport layer 13.

[0165] Eveninthecase where the green light emitting layer
14G1 is provided in each of the pixels (in other words, where
the organic light emitting layers for all the luminescent colors
are provided in each of the pixels), in this way, it is ensured
that recombination sites Dg in the organic stacked film 22G1
are formed in the green light emitting layer 14G1, recombi-
nation sites Db in the organic stacked film 22B1 are formed in
the blue light emitting layer 14B, and recombination sites Dr
in the organic stacked film 22R1 are formed in the red light
emitting layer 14R.

[0166] Specifically, the organic stacked film 22G1 in the
pixel 20G1 has the light emitting layers for all of the three
luminescent colors, namely, the red light emitting layer 14R,
the green light emitting layer 14G1 and the blue light emitting
layer 14B as light emitting layers, and has the hole transport
layer 13, the green film thickness adjusting layer 21G and the
green electron block layer 15G as another kind of organic
layers. The organic stacked film 22B1 in the pixel 20B1 has
the light emitting layers for all of the three colors as light
emitting layers, and has the hole transport layer 13, the blue
film thickness adjusting layer 21B and the blue electron block
layer 15B as another kind of organic layers. The organic
stacked film 22R1 in the pixel 20R1 has the light emitting
layers for all of the three colors as light emitting layers, and
has the hole transport layer 13 as another kind of organic
layer.

[0167] Viewing the display device 2A as a whole, the hole
transport layer 13 is provided on the driving substrate 10 over
the whole area of the pixels 20R1, 20G1 and 20B1, and, onthe
hole transport layer 13, the green film thickness adjusting
layer 21G is provided in selective regions corresponding to
the pixels 20G1 whereas the blue film thickness adjusting
layer 21B is provided in selective regions corresponding to
the pixels 20B1. On the green film thickness adjusting layer
21G and the blue film thickness adjusting layer 21B, the red
light emitting layer 14R is formed over the whole area of the
substrate. On the red light emitting layer 14R, the green
electron block layer 15G is provided in selective regions
corresponding to the pixels 20G1, and, on the green electron
block layer 15G, the green light emitting layer 14G1 is pro-
vided over the whole area of the substrate. On the green light
emitting layer 14G1, the blue electron block layer 15B is
provided in selective regions corresponding to the pixels
20B1, and, on the blue electron block layer 15B, the blue light
emitting layer 14B is provided over the whole area of the
substrate.

[0168] Incidentally, the display device 2A as above can be
manufactured, for example, in the following manner. Though
drawings are omitted, in the same manner as in the case of the
display device 2 according to the second embodiment above,
lower electrodes 11, ribs 110, a hole transport layer 13, a
green film thickness adjusting layer 21G, a blue film thick-
ness adjusting layer 21B, a red light emitting layer 14R and a
green electron block layer 15G are formed in this order over
adriving substrate 10. Thereafter, in the same manner as in the
case of the display device 1A according to Modification 1
above, a green light emitting layer 14G1, a blue electron
block layer 15B and a blue light emitting layer 14B are
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formed. In this manner, organic stacked films 22R1, 22G1
and 22B1 are formed, over which an upper electrode 16 and a
protective layer 17 are sequentially formed. Thereafter, a
sealing substrate 19 is laminated onto the upper surface of the
protective layer 17, through an adhesive layer 18 therebe-
tween, to complete the display device 2A shown in FIG. 25.

[0169] Even in the case where the organic stacked film
22(G1 has the green film thickness adjusting layer 21G and the
organic stacked film 22B1 has the blue film thickness adjust-
ing layer 21B as in the present modification, not only the red
light emitting layer 14R and the blue light emitting layer 14B
but also the green light emitting layer 14G1 can be formed as
alayer which is common to all the pixels. In other words, the
green light emitting layer 14G may be formed by oblique
deposition using the ribs 110 as described in the second
embodiment above, but this layer can also be formed by vapor
deposition from a substantially perpendicular direction in the
same manner as the other light emitting layers as in the
present modification. Even in the case where the light emit-
ting layers for all the three luminescent colors are formed in
each pixel, in this manner, the structure in which the pixel
20G1 has the green electron block layer 15G and the pixel
20B1 has the blue electron block layer 15B ensures that
recombination of electric charges takes place in an appropri-
ate layer in each pixel and it becomes easier to extract desired
color lights from the respective pixels, as has been mentioned
above. Accordingly, an effect equivalent to those in the first
and second embodiments above can be obtained.

[0170] As anumerical example of the present modification,
a sample as follows was fabricated, and luminescence inten-
sity was measured for each of R, G and B color lights. The
width (pitch) of each of the pixels 10R1, 10G1 and 10B1, the
scale and material of the lower electrodes 11, disposition of
the reflecting mirror, and the scale and material of the ribs 110
were set in the same manner as in the numerical example of
the first embodiment above. In addition, the materials, film
thicknesses and film forming conditions with respect to the
hole transport layer 13, the red light emitting layer 14R, the
green light emitting layer 14G1, the blue light emitting layer
14B, the green electron block layer 15G and the blue electron
block layer 15B were set in the same manner as in the numeri-
cal example of Modification 1 above. Incidentally, in forming
the green film thickness adjusting layer 21G, the angular
direction D1 in oblique deposition was set to 73° direction,
a-NPD was used as the film forming material, and the thick-
ness was set to 84 nm. In forming the blue film thickness
adjusting layer 21B, the angular direction D2 in oblique depo-
sition was set to —73° direction, c.-NPD was used as the film
forming material, and the thickness was setto 35 nm. Besides,
a35 nm-thick electron transport layer composed of BCP,a0.3
nm-thick electron injection layer composed of LiF and a 12
nm-thick upper electrode 16 composed of a co-evaporated
Mg—Ag film were formed in this order over the blue light
emitting layer 14B. The display device 2A fabricated in this
manner was put to the above-mentioned measurement, the
results being shown in F1G. 27.

[0171] As shown in FIG. 27, emission of red light from the
pixels 20R1, emission of green light from the pixels 20G1,
and emission of blue light from the pixels 20B1 were
obtained. In addition, owing to the above-mentioned settings,
an optical resonator structure was formed between the Al
mirror beneath the lower electrode 11 and the upper electrode
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16 in each of the pixels, with the order of resonance being 0
for red, 1 for green, and 1 for blue.

Third Embodiment

[Configuration of Display Device 3]

[0172] FIG. 28 illustrates a sectional structure of a display
device 3 according to a third embodiment of the present
technology. Like the display device 1 according to the first
embodiment above, the display device 3 is, for example, an
organic EL device of the active matrix system and of the top
emission type, and has three kinds of pixels 30R, 30G and
30B (each having an organic EL element) on a driving sub-
strate 10. In the following description, the components
equivalent to those in the first embodiment above will be
denoted by the same reference symbols as used above and
their descriptions will be omitted, as appropriate.

[0173] Each of the pixels 30R, 30G and 30B has a lower
electrode 11, an organic stacked film (32R, 32G, 32B) and an
upper electrode 16 inthis order over a driving substrate 10, for
example. Ribs 110 are each disposed in each region between
the pixels 30R and 30B and in each region between the pixels
30B and 30G. Besides, a protective layer 17, an adhesive layer
18 and a sealing substrate 19 are provided over the upper
electrode 16.

(Configurations of Organic Stacked Films 32R, 32G and
32B)

[0174] Like in the first embodiment above, each of the
organic stacked films 32R, 32G and 32B has one or more
organic light emitting layers selected from among a red light
emitting layer 33R, a green light emitting layer 33G and a
blue light emitting layer 33B, and another kind of organic
layers, in a stacked state. In addition, these organic stacked
films 32R, 32G and 32B are different from each other (on a
pixel kind basis) in layer structure of another kind of organic
layer(s) (the number, kinds and thicknesses, etc. of another
kind of organic layer(s)).

[0175] FIGS. 29A to 29C illustrate sectional structures of
the organic stacked films 32R, 32G and 32B. As shown in
FIG. 29A, the organic stacked film 32R has a red hole trans-
port layer 31R, the red light emitting layer 33R and the blue
light emitting layer 33B stacked in this order over a hole
transport layer 13. As shown in FIG. 29B, the organic stacked
film 32G has a green hole transport layer 31G, the green light
emitting layer 33G and the blue light emitting layer 33B
stacked in this order over the hole transport layer 13. The
green hole transport layer 31G and the red hole transport layer
31R are formed, for example, from the same material (hole
transport material) as that for the hole transport layer 13
mentioned above. As shown in FIG. 29C, the organic stacked
film 32B has the blue light emitting layer 33B stacked on the
hole transport layer 13.

[0176] Thus, in the present embodiment, each of the
organic stacked films 32R, 32G and 32B has the light emitting
layer(s) for one or more luminescent colors in a stacked state,
but it is ensured that recombination sites Dg in the organic
stacked film 32G are formed in the green light emitting layer
33G, recombination sites Dr in the organic stacked film 32R
are formed in the red light emitting layer 33R, and recombi-
nation sites Db in the organic stacked film 32B are formed in
the blue light emitting layer 33B.

[0177] Specifically, the organic stacked film 32R in the
pixel 30R has the red light emitting layer 33R and the blue
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light emitting layer 33B as light emitting layers, and has the
hole transport layer 13 and the red hole transport layer 31R as
another kind of organic layers. The organic stacked film 32G
in the pixel 30G has the green light emitting layer 33G and the
blue light emitting layer 33B as light emitting layers, and has
the hole transport layer 13 and the green hole transport layer
31G as another kind of organic layers. The organic stacked
film 32B in the pixel 30B has the blue light emitting layer 33B
as a light emitting layer, and has the hole transport layer 13 as
another kind of organic layer.

[0178] Viewing the display device 3 as a whole, the hole
transport layer 13 is provided on the driving substrate 10 over
the whole area of the regions of the pixels 30R, 30G and 30B,
and, on the hole transport layer 13, the red hole transport layer
31R is provided in the pixel 30R, while the green transport
layer 31G is provided in the pixel 30G. In the manner of
covering the green hole transport layer 31G and the red hole
transport layer 31R, the blue light emitting layer 33B is
formed over the whole area of the regions of the pixels 30R,
30G and 30B.

[0179] Inthe present embodiment, the green light emitting
layer 33G and the red color emitting layer 33R, among the
respective color light emitting layers, are formed to be
extremely thin as compared with the blue light emitting layer
33B.

[Manufacturing Method for Display Device 3]

[0180] The display device 3 as above can be manufactured,
for example, in the following manner. FIGS. 30A to 32B are
sectional views illustrating, in the order of steps, a method of
manufacturing the display device 3.

[0181] First, in the same manner as in the first embodiment
above, lower electrodes 11 are formed on a driving substrate
10, ribs 110 are formed, and, further, a hole transport layer 13
is formed over the whole area of pixel regions (R), (G) and
(B). Thereafter, as shown in FIG. 30A, a red hole transport
layer 31R composed from the above-mentioned material is
formed by oblique deposition utilizing the ribs 110. In this
instance, vapor deposition is conducted from an angular
direction D1 such that the pixel regions (R) are exposed to the
evaporation source whereas the pixel regions (G) and (B) are
hidden from the evaporation source behind the ribs 110. In
this way, the red hole transport layer 31R is formed selec-
tively in the pixel regions (R) in which to form pixels 30R.
Incidentally, as a result of this, the red hole transport layer
31R is formed also on that side surface of each rib 110
provided between the pixel regions (G) and (B) which is on
the pixel region (B) side.

[0182] Subsequently. as shown in FIG. 30B, in each of the
pixel regions (R), a red light emitting layer 33R is formed in
a predetermined thickness in the state of being stacked on the
red hole transport layer 31R, by oblique deposition utilizing
the ribs 110. Incidentally, as a result of this, the red light
emitting layer 33R is formed also over that side surface of
each rib 110 provided between the pixel regions (G) and (B)
which is on the pixel region (B) side.

[0183] Next, as shown in FIG. 31A, a green hole transport
layer 31G composed of the above-mentioned material is
formed by oblique deposition utilizing the ribs 110. In this
instance, vapor deposition is conducted from an angular
direction D2 such that the pixel regions () are exposed to the
evaporation source whereas the pixel regions (R) and (B) are
hidden from the evaporation source behind the ribs 110. In
this manner, the green hole transport layer 31G is formed
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selectively in the pixel regions (G) in which to form pixels
30G. Incidentally, as a result of this, the green hole transport
layer 31G is formed also over that side surface of each rib 110
provided between the pixel regions (R) and (B) which is on
the pixel region (B) side.

[0184] Subsequently, as shown in FIG. 31B, in each of the
pixel regions (G), a green light emitting layer 33G is formed
in a predetermined thickness in the state of being stacked on
the green hole transport layer 31G, by oblique deposition
utilizing the ribs 110. Incidentally, as a result of this, the green
light emitting layer 33G is formed also over that side surface
of each rib 110 provided between the pixel regions (R) and
(B) which is on the pixel region (B) side.

[0185] Thereafter, as shown in FIG. 32 A, a blue light emit-
ting layer 33B is formed over the whole area of the pixel
regions (R), (G) and (B), by vacuum evaporation from a
direction substantially perpendicular to the driving substrate
10. This ensures that the blue light emitting layer 33R is
formed over the driving substrate 10 as a layer which is
common to all the pixel regions. Incidentally, as a result of
this, the blue light emitting layer 33R is built up also on top of
each of the ribs 110. In this way, the organic stacked films
32R, 32G and 32B are formed respectively in the pixel
regions (R), (G) and (B).

[0186] Thereafter, as shown in FIG. 32B, like in the first
embodiment above, an upper electrode 16 is formed over the
whole area of the pixel regions (R), (G) and (B) by, for
example, vacuum evaporation or sputtering. As a result, the
pixels 30R, 30G and 30B are formed on the driving substrate
10.

[0187] Finally, in the same manner as in the first embodi-
ment above, a protective layer 17 is formed so as to cover the
whole area of the pixels 30R, 30G and 30B formed as above.
Thereafter, a sealing substrate 19 is laminated onto the upper
surface of the protective layer 17 through an adhesive layer 18
therebetween, to complete the display device 3 shown in FIG.
28.

[Operation and Effect of Display Device 3]

[0188] In the display device 3 according to the present
embodiment, when driving currents according to picture sig-
nals for respective colors are supplied respectively to the
pixels 30R, 30G and 30B, electrons and holes are injected into
the organic stacked films 32R, 32G and 32B through the
lower electrodes 11 and the upper electrode 16. The electrons
and the holes are put into recombination respectively in the
red light emitting layer 33R, the green light emitting layer
33G and the blue light emitting layer 33B in the pixels 30R,
30G and 30B, resulting in emission of respective color lights.
In this manner, full-color image display based on R, G and B
color lights is performed on the display device 3.

[0189] Here, in the display device 3 also, like in the display
device 1 according to the first embodiment above, in order to
realize the full-color image display, the patterning of each of
the color light emitting layers in the manufacturing process is
conducted using the ribs 110. Besides. in the present embodi-
ment also, the organic stacked films 32R, 32G and 32B each
have one or more organic light emitting layers and another
kind of organic layer(s), and the layer structure of another
kind of organic layer(s) differs on a pixel kind basis. For
instance, the organic stacked film 32R includes the hole trans-
portlayer 13 and the red hole transportlayer 31R, whereas the
organic stacked film 32G includes the hole transport layer 13
and the green hole transport layer 31G, and the organic
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stacked film 32B includes the hole transport layer 13, as
another kind of organic layer(s).

[0190] Such layer structures ensure that in the pixels 30R,
due to the differences in luminescence energy as above-men-
tioned, recombination sites Dr are formed in the red light
emitting layer 33R, resulting in emission of red light. Simi-
larly, in the pixels 30G, recombination sites Dg are formed in
the green light emitting layer 33G, whereby green light is
emitted. In the pixels 30B, recombination occurs in the blue
light emitting layer 33B formed as above, whereby emission
of'blue light is achieved. Here, in the present embodiment, the
red hole transport layer 31R and the green hole transport layer
31G are provided respectively in the pixels 30R and 30G,
whereby the red light emitting layer 33R and the green light
emitting layer 33G can be set thinner. Therefore, even if the
red light emitting material and the green light emitting mate-
rial are undesirably deposited in the regions of the pixels 30B
during formation of the red light emitting layer 33R and the
green light emitting layer 33G, the amounts of the light emit-
ting materials thus undesirably deposited can be suppressed
to extremely small amounts. Accordingly, the influence of
color mixture arising from such undesired deposition of light
emitting materials can be suppressed to within an extremely
small allowable range.

[0191] Thus, in the present embodiment, the organic
stacked films 32R, 32G and 32B each provided between the
lower electrode 11 and the upper electrode 16 each have one
or more light emitting layers and another kind of organic
layer(s), and the layer structure of another kind of organic
layer(s) is different on the basis of each of the kinds of the
pixels 30R, 30G and 30B. For instance, the green hole trans-
port layer 31G is provided at a predetermined position in the
pixel 30G, and the red hole transport layer 31R is provided at
a predetermined position in the pixel 30R. This ensures that,
even when a pixel suffers deposition thereon of an organic
light emitting material for a luminescent color different from
its own luminescent color, mixture of colors in luminescence
can be restrained from occurring due to the unintended depo-
sition. Accordingly, it is possible to secure good color purity
in color display using a plurality of colors.

Fourth Embodiment

[0192] Inthe above embodiments and the like, description
has been made of the case where the lower electrodes 11
functioning as anodes are so provided as to be flush with the
surface of the driving substrate 10 (the surface of the flatten-
ing film). In the present embodiment, on the other hand,
description will be made of a structural example suitable for
the case where it is unavoidable to generate a step between the
surface of the driving substrate 10 and the lower electrodes
11. Here, as an example, there is shown a configuration
wherein the lower electrodes 11 are disposed on a flat surface
of the driving substrate 10 on a pixel basis and, further, an
inter-pixel dielectric film (inter-pixel dielectric film 42) hav-
ing apertures opposed respectively to the lower electrodes 11
is formed thereon. Incidentally, in the present embodiment
also, TFTs and the flattening film disposed in or on the driving
substrate 10 are omitted in the drawing. Besides, only part of
the components of the display device are shown in the draw-
ing.

[0193] FIG. 33 illustrates a substrate configuration before
oblique deposition in the present embodiment. In the present
embodiment, the inter-pixel dielectric film 42 is formed over
the driving substrate 10 provided with the lower electrodes
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11. With the lower electrodes 11 and the inter-pixel dielectric
film 42 as an underlying layer (substrate layer) 41, an organic
layer 43 is formed. The organic layer 43 includes one or more
of the above-mentioned hole transport layer. red light emit-
ting layer, etc. formed by vapor deposition from a substan-
tially perpendicular direction. Incidentally, though not shown
in FIG. 33, in the present embodiment also, like in the above-
described embodiments, the color light emitting layers and
the block layers are provided in a patterned state on a pixel
region basis by oblique deposition and, further, an upper
electrode layer 16, a protective layer 17, an adhesive layer 18
and a sealing substrate 19 are also provided sequentially.
[0194] Likeinthe above embodiments and the like, ribs 110
are provided in selective regions between R, G and B pixels,
according to the order of vapor depositions and the color
arrangement of pixels. Here, the ribs 110 are each provided in
each region between pixel regions S1 and S3 (of the pixel
regions S1 to S3 corresponding to the R, G and B pixels) and
in each region between the pixel regions S2 and S3. In other
words, each region between the pixel regions S1 and S2 to be
objects (target regions) of oblique deposition (for example, G
and B pixel forming regions) is not provided with the rib 110.
[0195] The inter-pixel dielectric film 42 is a dielectric film
for electrical insulation between pixels (light emitting
regions), and is provided with apertures (apertures H1, H2)
opposed to the lower electrodes 11. The inter-layer dielectric
film 42 is composed, for example, from a film of an organic
insulating material such as polyimide, acrylic resin, novolak
resin, etc. or a film of an inorganic insulating material such as
silicon oxide (SiO,), silicon nitride (SiN, ), etc. The ribs 110
are disposed on the inter-pixel dielectric film 42.

[0196] Inthe present embodiment, the thickness (height) of
the underlying layer 41 increases stepwise from the boundary
B1 between the pixel regions S1 and S2 to be objects of
oblique deposition toward the rib 110 (increases stepwise as
the rib 110 is approached) (the underlying layer 41 has a
stepped structure Stl, St2). Specifically, the inter-pixel
dielectric film 42 has the aperture H1 provided to be common
to the lower electrodes 11 in the pixel regions S1 and S2; in
other words, in the area between the pixel regions S1 and S2
(near the boundary B1), the edges (end portions) of the lower
electrodes 11 are not covered with the dielectric film and,
hence, the surface of the driving substrate 10 is exposed. On
the other hand, in the pixel region S3 (forexample, the R pixel
forming region) not to be an object of oblique deposition, the
aperture H2 is so provided that the edges of the lower elec-
trode 11 are entirely covered with the dielectric film.

[0197] Thus, in the pixel regions S1 and S2 to be objects of
oblique deposition, the thickness of the underlying layer 41
increases stepwise from the boundary B1 toward the rib 110.
This profile ensures that “vignetting” is less liable to occur at
the time of oblique deposition, so that unevenness of film
thickness upon vapor deposition can be lessened.

[0198] For instance, it is assumed that, as shown in FIGS.
34A and 34B, an inter-pixel dielectric film 42' has apertures
H2 on the basis of each lower electrode 11 (that the edges of
the lower electrodes 11 in all the pixel regions are covered
with the inter-pixel dielectric film 42"). In this case, at the time
of oblique deposition aimed at the pixel region S1, as shown
in FIG. 34A, “vignetting” occurs due to the influence of the
step (X1) between the inter-pixel dielectric film 42' and the
lower electrode 11. As a result, in the pixel region S1, a locally
thinner deposited film portion is generated on the lower elec-
trode 11, and vapor deposition of an organic material in a
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uniform film thickness is failed. Or, at the time of oblique
deposition aimed at the pixel region S2, as shown in FIG.
34B, “vignetting” is caused by the influence of the step (X2)
between the inter-pixel dielectric film 42' and the lower elec-
trode 11. Consequently, in the pixel region S2 also, itis failed
to vapor-deposit an organic material in a uniform thickness on
the lower electrode 11. Incidentally, a similar phenomenon
occurs also inthe case of continuously carrying out the above-
mentioned steps of oblique depositions to the pixel regions S1
and S2. When it is failed to form a film of an organic material
such as color light emitting material in a uniform film thick-
ness on the lower electrode 11, local current concentration
may occur or it may be impossible to achieve emission of
desired color light.

[0199] On the other hand, in the present embodiment, as
above-mentioned, the inter-pixel dielectric film 42 is pro-
vided with the aperture H1 common to both the pixel regions
S1 and S2, and the stepped structure St1, St2 is provided in
which the thickness of the underlying layer 41 increases
stepwise from the boundary B1 toward the rib 110. This
ensures that, at the time of oblique deposition aimed at the
pixel region S1, for example shown in FIG. 35A, there is
generated no region that is shadowed from the evaporation
source (not shown) releasing an organic material along the
angular direction D1. Therefore, in the pixel region S1, the
organic material 44a can be built up in a substantially uniform
thickness on the lower electrode 11. Or, at the time of oblique
deposition aimed at the pixel region S2, as shown in FIG.
35B, there is generated no region that is shadowed from the
evaporation source (not shown) releasing an organic material
along the angular direction D2. Therefore, in the pixel region
S2 also, the organic material 445 can be built up in a substan-
tially uniform thickness on the lower electrode 11. Accord-
ingly, at the time of oblique deposition, “vignetting” can be
restrained from occurring and a film of an organic material
can be formed in a substantially uniform thickness. Conse-
quently, an effect equivalent to those in the cases described in
the embodiments above (the cases where the surfaces of the
lower electrodes 11 are flush with the surface of the driving
substrate 10) can be obtained.

Modification 3

[0200] In the fourth embodiment above, the edges of the
lower electrodes 11 are exposed in the pixel regions S1 and S2
to be objects of oblique deposition. Therefore, in the case
where the distance between adjacent pixels is very short, for
example, in the case of manufacturing a high-definition
organic EL display, a leakage current between the pixel
regions S1 and S2 may be generated to flow through an
organic layer such as a light emitting layer. Such a leakage
current would affect the luminescence characteristics and,
therefore, should be restrained as securely as possible.

[0201] Inview ofthis, as shown in FIG. 36, an anti-leakage
dielectric film 45 may be provided in the vicinity of the
boundary B1 between the pixel regions S1 and S2. The anti-
leakage dielectric film 45 is, for example, a rib (projection)
having an insulating property and is formed, for example,
from the same material as the inter-pixel dielectric film 42.
The anti-leakage dielectric film 45 is desirably has an aspect
ratio (ratio between thickness and width) so set that no dead-
angle region is formed over the lower electrodes 11 as viewed
from the evaporation source side. This is for preventing an
influence of “vignetting” due to the anti-leakage dielectric
film 45 from being exerted on the lower electrode 11. Such an
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anti-leakage dielectric film 45 may be patterned, for example,
in the same step as the patterning of the inter-pixel dielectric
film 42.

[0202] Consequently, in the present modification also, at
the time of oblique deposition targeting the pixel region S1, as
for example shown in FIG. 37A, no region is shadowed from
the evaporation source (not shown) releasing an organic
material along the angular direction D1. Therefore, in the
pixel region S1, the organic material 46a can be built up in a
substantially uniform film thickness on the lower electrode
11. Or, at the time of oblique deposition aimed at the pixel
region S2, as shown in FIG. 37B, no region is shadowed from
the evaporation source (not shown) releasing an organic
material along the angular direction D2. Therefore, in the
pixel region S2, the organic material 465 can be built up in a
substantially uniform thickness on the lower electrode 11.
Accordingly, at the time of oblique deposition, “vignetting”
can be restrained from occurring, and a film of an organic
material can be formed in a substantially uniform thickness.
In addition, in the present modification, the anti-leakage
dielectric film 45 provided between the pixel regions S1 and
S2 makes it possible to restrain a leakage current from being
generated between the pixel regions S1 and S2 and to thereby
prevent luminescence characteristics from being degraded.
[0203] Incidentally, while the anti-leakage dielectric film
45 (rib) is provided between the pixel regions S1 and S2 in
this Modification 3, the anti-leakage section is not limited to
arib, insofar as it can provide insulation between the pixels.
For instance, a groove may be formed within such a range as
not to influence the patterning of organic materials. Or, alter-
natively, a structure formed from an insulating material dif-
ferent from that of the inter-pixel dielectric film 42 may be
provided.

Modification 4

[0204] FIG. 38 illustrates a substrate configuration accord-
ing to a modification of the above-described fourth embodi-
ment (Modification 4). In the present modification, a dielec-
tric film 42a is formed so as to fill up each gap between a rib
110 and a lower electrode 11. The dielectric film 42¢ and the
lower electrode 11 form a stepped structure St1, St2 on the
driving substrate 10. The dielectric film 42¢ is formed, for
example, of a film of an organic insulating material such as
polyimide, acrylic resin, novolak resin, etc. or a film of an
inorganic insulating material such as silicon oxide, silicon
nitride, etc.

[0205] Thus, the dielectric film 42a may be so formed as to
fill up each gap between the rib 110 and the lower electrode
11. In this case, also, an effect equivalent to that in the fourth
embodiment above can be obtained.

[0206] Incidentally, while the case where the lower elec-
trode 11 and the rib 110 are separate from each other has been
shown as an example in Modification 4 above, these members
may be disposed in contact with each other, as shown in FIG.
39. In this case, the dielectric film 424 is formed in the corner
formed by the lower electrode 11 and the rib 110 making
contact with each other, whereby a stepped structure St1 can
be formed.

[General Configuration and Pixel Circuit Configuration for
Display Devices 1 to 3]

[0207] Now, a general configuration and a pixel circuit
configuration for the display devices 1 to 3 according to the
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first to third embodiments above will be described. FIG. 40
illustrates a general configuration including peripheral cit-
cuits for a display device to be used as an organic EL display.
Thus, ona driving circuit 10, for example, a display region 30
in which a plurality of pixels PXL.Cs including organic EL
elements are arranged in a matrix pattern is formed. In the
surroundings of the display region 30, there are provided a
horizontal selector (HSEL) 31 as a signal line drive circuit, a
write scanner (WSCN) as a scanning line drive circuit, and a
power supply scanner (DSCN) 33 as a power supply line drive
circuit.

[0208] In the display region 30, a plurality (n: n is an inte-
ger) of signal lines DTL1 to DTLn are arranged in a column
direction, and a plurality (m: m is aninteger) of scanning lines
WSL1 to WSLm and power supply lines DSL1 to DSLm are
arranged in a row direction. In addition, a pixel PXLC (one of
pixels corresponding respectively to R, G and B) is provided
at each intersection of the signal line DTL and the scanning
line WSL. Each signal line DTL is connected to the horizontal
selector 31, and a picture signal is supplied from the horizon-
tal selector 31 to each signal line DTL. Each scanning line
WSL is connected to the write scanner 32, and a scanning
signal (selection pulse) is supplied from the write scanner 32
to each scanning line WSL. Each power supply line DSL is
connected to the power supply scanner 33, and a power sup-
ply signal (control pulse) is supplied from the power supply
scanner 33 to each power supply line DSL.

[0209] FIG. 41 illustrates a specific example of circuit con-
figuration for the pixel PXLC. Each pixel PXLC has a pixel
circuit 40 including an organic EL element 3D. The pixel
circuit 40 is an active-type driving circuit including a sam-
pling transistor 3A and a driving transistor 3B, a storage
capacitor element 3C, and the organic EL element 3D.
[0210] The sampling transistor 3A has its gate connected to
the corresponding scanning line WSL, has one of the source
and drain thereof connected to the corresponding signal line
DTL, and has the other of the source and drain thereof con-
nected to the gate of the driving transistor 3B. The driving
transistor 3B has its drain connected to the corresponding
power supply line DSL, and has its source connected to an
anode of the organic EL element 3D. In addition, a cathode of
the organic EL element 3D is connected to a ground wiring
3H. Incidentally, the ground wiring 3H is wired in common to
all the pixels PXLCs. The storage capacitor element 3C is
disposed between the source and the gate of the driving tran-
sistor 3B.

[0211] The sampling transistor 3A is put into conductive
state according to the scanning signal (selection pulse) sup-
plied from the scanning line WSL, to thereby sample the
signal potential of a picture signal supplied from the signal
line DTL, and to retain the sampled signal potential in the
storage capacitor element 3C. The driving transistor 3B is
supplied with a current from the power supply line DSL set at
a predetermined first potential (not shown), and supplies the
organic EL element 3D with a driving current according to the
signal potential retained in the storage capacitor element 3C.
The driving current supplied from the driving transistor 3B
causes the organic EL element 3D to emit light at aluminance
according to the signal potential of the picture signal.
[0212] In such a circuit configuration, with the sampling
transistor 3A put into conductive state according to the scan-
ning signal (selection pulse) supplied from the scanning line
WSL, the signal potential of the picture signal supplied from
the signal line DTL is sampled, and is held in the storage
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capacitor element 3C. In addition, a current is supplied to the
driving transistor 3B from the power supply line DSL set at
the first potential, and the driving current is supplied to the
organic EL element 3D (each of red, green and blue organic
EL elements) according to the signal potential retained in the
storage capacitor element 3C. Then, the organic EL elements
3D are driven by the driving currents supplied thereto to emit
light at luminance values according to the signal potentials of
the picture signals. Consequently, an image display based on
the picture signals is performed on the display device.

Application Examples

[0213] Now, examples of application of the above-de-
scribed display devices 1 to 3 to electronic apparatuses will be
described below. The display devices 1 to 3 are applicable to
electronic apparatuses in any field, such as television sets,
digital cameras, notebook-sized personal computers, cell
phones and the like portable terminal devices, and video
cameras. In other words, the display devices 1 to 3 can be
applied to electronic apparatuses in all fields by which exter-
nally inputted picture signals or internally produced picture
signals are displayed as an image or picture.

(Module)

[0214] The display device as above is incorporated, for
example as a module as illustrated in FIG. 42, into various
electronic apparatuses such as Application Examples 1 to 5
described later. The module has a configuration in which, for
example, a region 210 exposed from a sealing substrate 50 is
provided at one edge of a substrate 10, and, in this exposed
region 210, an external connection terminal (not shown) is
formed by extending wirings for a horizontal selector 31, a
write scanner 32 and a power supply scanner 33. The external
connection terminal may be provided with a flexible printed
circuit (FPC) for input/out of signals.

Application Example 1

[0215] FIG. 43 illustrates an outer appearance of a televi-
sion set. The television set has, for example, a picture display
screen section 300 including a front panel 310 and a filter
glass 320. The picture display screen section 300 corresponds
to the display devices 1 to 3.

Application Example 2

[0216] FIGS. 44A and 44B illustrate outer appearances of a
digital camera. The digital camera has, for example, a flash
light emitting section 410, a display section 420, a menu
switch 430 and a shutter button 440. The display section 420
corresponds to the display devices 1 to 3.

Application Example 3

[0217] FIG. 45 illustrates an outer appearance of a note-
book-sized personal computer. The notebook-sized personal
computer has, for example, a main body 510, a keyboard 520
to be operated to input characters and the like, and a display
unit 530 for displaying images. The display unit 530 corre-
sponds to the display devices 1 to 3.

Application Example 4

[0218] FIG. 46 illustrates an outer appearance of a video
camera. The video camera has, for example, a body section
610, a subject-shooting lens 620 provided at a front side
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surface of the body section 610, a start/stop switch 630 for
shooting, and a display unit 640. The display unit 640 corre-
sponds to the display devices 1 to 3.

Application Example 5

[0219] FIGS. 47A to 47G illustrate outer appearances of a
cell phone. The cell phones has, for example, an upper-side
casing 710 and a lower-side casing 720 connected to each
other by a connecting section (hinge section) 730, and further
has a display 740, a sub-display 750, a picture light 760, and
a camera 770. Of these components, the display 740 or the
sub-display 750 correspond to the display devices 1 to 3.
[0220] While the present technology has been described by
showing its embodiments and their modifications above, the
present technology is not limited to these embodiments, and
further various modifications are possible. For instance, while
the case where an electron block layer having an electron-
blocking function is used as the carrier block layer in the
present technology has been described as an example in the
above embodiments and the like, this is not limitative, and a
hole block layer having a hole-blocking function may also be
used.
[0221] Inaddition, while the case where oblique deposition
is conducted using projection-like members such as ribs has
been described as an example in the above embodiments and
the like, such projection-like members may not necessarily be
formed on the substrate. It suffices to use a shadow mask
which is capable of masking specified pixel regions, accord-
ing to the direction of vapor deposition.
[0222] Besides, while an example in which an electron
block layer and/or a film thickness adjusting layer is provided
in selective ones of the three kinds of pixels (R, G and B
pixels) has been described as an example of another kind of
organic layer(s) in the above embodiments and the like, the
pixels to be provided with these layers are not restricted to the
above-mentioned ones, and all the pixels may be provided
with these layers.
[0223] Furthermore, the organic stacked films in the
present technology are not restricted to the organic stacked
films described in the above embodiments and the like, and
other layers may further be provided.
[0224] The present application contains subject matter
related to that disclosed in Japanese Priority Patent Applica-
tions JP 2010-247622 and JP 2011-141749, filed in the Japan
Patent Office on Nov. 4, 2010 and Jun. 27, 2011, respectively,
the entire contents of which are hereby incorporated by ref-
erence.
What is claimed is:
1. A display device comprising
a plurality of kinds of pixels that emit color light beams
different from each other, the pixels being provided ona
substrate,
wherein each of the pixels includes
an organic stacked film including one or more organic
light emitting layers and another kind of organic layer,
with the layer structure of another kind of organic
layer differing on the basis of each of the kinds of the
pixels, and
a first electrode and a second electrode which are dis-
posed so that the organic stacked film is interposed
therebetween.
2. The display device according to claim 1,
wherein a projection-like member is disposed in a selected
region between the plurality of kinds of pixels.
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3. The display device according to claim 2,

wherein the plurality of kinds of pixels are red, green and
blue pixels, and

as the organic stacked film,

the red pixel includes a red light emitting layer and a blue
light emitting layer,

the green pixel includes a red light emitting layer, a green
light emitting layer and a blue light emitting layer as well
as a green carrier block layer, and

the blue pixel includes a red light emitting layer and a blue
light emitting layer as well as a blue carrier block layer.

4. The display device according to claim 3, comprising:

the first electrodes disposed on a pixel basis;

the red light emitting layer provided in common to the red,
green and blue pixels;

the green carrier block layer and the green light emitting
layer disposed selectively in the green pixel;

the blue carrier block layer disposed selectively in the blue
pixel;

the blue light emitting layer provided in common to the red,
green and blue pixels; and

the second electrode provided in common to the red, green
and blue pixels,

in this order from the substrate side.

5. The display device according to claim 3,

wherein the red, green and blue pixels each have
an optical resonator structure which includes the first

electrode and the second electrode and the organic
stacked film, and

aselective one of the red, green and blue pixels is provided
with a film thickness adjusting layer as part of the
organic stacked film.

6. The display device according to claim 5, comprising:

the first electrodes disposed on a pixel basis;

a green film thickness adjusting layer disposed selectively
in the green pixel and a blue film thickness adjusting
layer disposed selectively in the blue pixel;

the red light emitting layer provided in common to the red,
green and blue pixels;

the green carrier block layer and the green light emitting
layer which are disposed selectively in the green pixel,

the blue carrier block layer disposed selectively in the blue
pixel;

theblue light emitting layer provided in common to thered,
green and blue pixels; and

the second electrode provided in common to the red, green
and blue pixels,

in this order from the substrate side.

7. The display device according to claim 6,

wherein the green film thickness adjusting layer and the
blue film thickness adjusting layer are formed from a
hole transport material.

8. The display device according to claim 3,

wherein the green carrier block layer and the blue carrier
block layer are formed from a hole transport material.

9. The display device according to claim 2,

wherein the plurality of kinds of pixels are red, green and
blue pixels, and

as the organic stacked film,

the red pixel includes a red light emitting layer, a green
light emitting layer and a blue light emitting layer,

the green pixel includes the red light emitting layer, the
green light emitting layer and the blue light emitting
layer as well as a green carrier block layer, and
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the blue pixel includes the red light emitting layer, the
green light emitting layer and the blue light emitting
layer as well as a blue carrier block layer.

10. The display device according to claim 9, comprising:

the first electrodes disposed on a pixel basis;

the red light emitting layer provided in common to the red,
green and blue pixels;

the green carrier block layer disposed selectively in the
green pixel;

the green light emitting layer provided in common to the
red, green and blue pixels;

the blue carrier block layer disposed selectively in the blue
pixel;

the blue light emitting layer provided in common to the red,
green and blue pixels; and

the second electrode provided in common to the red, green
and blue pixels,

in this order from the substrate side.

11. The display device according to claim 2, comprising:

the first electrodes disposed on a pixel basis;

a green hole transport layer and a green light emitting layer
which are disposed selectively in the green pixel;

a red hole transport layer and a red light emitting layer
which are disposed selectively in the red pixel;

a blue light emitting layer provided in common to the red,
green and blue pixels; and

the second electrode provided in common to the red, green
and blue pixels,

in this order from the substrate side,

wherein the green and red light emitting layers are formed
such that that film thickness of them is smaller than that
of the blue light emitting layer.

12. The display device according to claim 2,

wherein the substrate is a driving substrate flattened by an
insulating film and provided with the first electrodes
disposed on a pixel basis, and

the first electrodes are so provided that their surfaces are
flush with a surface of the insulating film, or

the first electrodes are provided below the organic layers
and the thickness of an underlying layer including the
first electrodes increases stepwise as the projection-like
member is approached.

13. A method of manufacturing a display device, compris-

ing, in forming on a substrate a plurality of kinds of pixels that
emit color light beams different from each other:

forming a first electrode on the substrate;

forming an organic stacked film including one or more
organic light emitting layers and another kind of organic
layer or layers, with the layer structure of another kind of
organic layer or layers differing on the basis of each of
the kinds of the pixels; and

forming a second electrode after the formation of the
organic stacked layer,

in each pixel region.

14. The method according to claim 13,

wherein a projection-like member is formed on the sub-
strate in a selective region between the plurality of kinds
of pixels, and

a part of the organic stacked film is formed by oblique
deposition utilizing the projection-like member.

15. The method according to claim 14, comprising, in

forming the organic stacked film:

forming a red light emitting layer over the whole area of
red, green and blue pixels;
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forming a green carrier block layer in the region of the
green pixel by oblique deposition after the formation of
the red light emitting layer;

forming a green light emitting layer on the green carrier
block layer by oblique deposition;

forming a blue carrier block layer selectively in the region
of the blue pixel by oblique deposition after the forma-
tion of the green light emitting layer; and

forming a blue light emitting layer over the whole area of
the red, green and blue pixels after the formation of the
blue carrier block layer.

16. The method according to claim 15, comprising, in

forming the organic stacked film:

forming a green film thickness adjusting layer in the region
of the green pixel by oblique deposition; and

forming a blue film thickness adjusting layer in the region
of the blue pixel,

before the formation of the red light emitting layer.

17. The method according to claim 14, comprising, in

forming the organic stacked film;

forming a red light emitting layer over the whole area of
red, green and blue pixels;

forming a green carrier block layer in the region of the
green pixel by oblique deposition after the formation of
the red light emitting layer;

forming a green light emitting layer over the whole area of
the red, green and blue pixels after the formation of the
green carrier block layer;

forming a blue carrier block layer selectively in the region
of the blue pixel by oblique deposition after the forma-
tion of the green light emitting layer; and

forming a blue light emitting layer over the whole area of
the red, green and blue pixels after the formation of the
blue carrier block layer.
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18. The method according to claim 14, comprising, in
forming the organic stacked film:
forming a green hole transport layer in the region of the
green pixel by oblique deposition;
forming a green light emitting layer on the green hole
transport layer;
forming a red hole transport layer in the region of the red
pixel by oblique deposition;
forming a red light emitting layer on the red hole transport
layer; and
forming a blue light emitting layer over the whole area of
the red, green and blue pixels after the formation of the
green light emitting layer and the red light emitting
layer,
wherein the green light emitting layer and the red light
emitting layer are formed to be smaller in thickness than
the blue light emitting layer.
19. The method according to claim 18,
wherein formation of the red hole transport layer and for-
mation of the red light emitting layer are carried out after
the formation of the green light emitting layer.
20. An electronic apparatus comprising
a plurality of kinds of pixels that emit color light beams
different from each other, the pixels being provided ona
substrate,
wherein each of the pixels includes
an organic stacked film including one or more organic
light emitting layers and another kind of organic layer,
with the layer structure of another kind of organic
layer differing on the basis of each of the kinds of the
pixels, and
a first electrode and a second electrode which are dis-
posed so that the organic stacked film is interposed
therebetween.
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